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TABLE  1 


The  Binary  System  Normal  Potassium  Molybdate  —  Molybdic  Anhydride 


No. 

Molar  ^ 
M0O3 

Crystalliza¬ 
tion  tempj  °C 

Appearance  of  the  separ¬ 
ating  solid  phase 

Remarks 

1 

0 

926 

Pointed  crystals,  forming 
cloudiness  through  the  melt 

_K2Mo04  M.p. 

2 

5 

901 

^  The  same 

5 

10 

873  ■ 

The  same 

k 

15' 

840 

The  same 

5 

20 

803 

The  same 

6 

25 

759 

The  same 

7 

30 

702 

The  same 

8 

35  . 

659 

Turbidity  and  formation  of 
viscous  melts 

9 

38 

594 

The  same 

10 

39 

'577 

'  The  same 

11 

•40 

560 

’  ••  The  same 

12 

4l 

^45 

•  The  same 

13 

42 

524 

*  The  same 

* 

Ik 

45 

467 

The  same 

Eutectic  El 

15 

46 

4j4 

Transx>arent  rhombic  lamellae  on 
the  surface  of  the  melt 

16 

47 

480 

The  same 

17 

48  - 

486 

,  The  same 

18 

49 

488 

'  _  The  same 

19 

50 

489 

<  The  same  ,  • 

K2Mb207  M.p. 

20 

51 

487  . 

^  The  same 

21 

52 

485 

The  same 

22 

53 

48l 

^'"'Ifhe  same 

Eutectic  Ea 

23- 

54 

489 

Fine  needles 

2k 

i  55 

498 

The  same 

25 

57.5 

521 

The  shme  , 

26 

60 

541 

The  same 

27 

62.5 

557 

The  same 

28 

65 

567 

The ,  same 

29 

67.5 

571 

The  same 

K2MD3O10  M.p. 

50 

69 

567 

The  same 

31 

70 

565 

The  same 

52 

71 

560 

The  same 

33 

72 

555 

The  same 

3k 

73 

553 

The  same 

Eutectic  E3 

.35 

74 

556 

Prismatic  crystals 

36 

75 

559 

The  same 

K2M04O13  M.p. 

37 

76 

556 

The  same 

38 

77  • 

554 

The  same 

39 

78 

547 

The  same 

Eutectic  E4 

ko 

79 

564' 

The  same 

kl 

80 

579 

Clusters  of  minute  prlams 

k2 

!  81 

609 

The  same 

k^ 

82 

625 

The  same 

Peritectic  Fi 

kk 

83 

640 

Clusters  of  longer  prisms 

k3 

84  ‘ 

649 

-  The  same 

Peritectic  Fa 

k6 

85 

669 

Clusters  of  minute  needles  upon 
the  surface  of  the  melt 

(table  continue 
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Table  1  (continued) 


at  the  temperature  at  which  crystal¬ 
lization  sets  in  in  the  50-^2  mol.^ 
M0O3  (j02-^2k°).  Its  point  of  trans¬ 
ition  into  Y-K2M0O4  is  480*,  i.e.,  it 
lies  somewhat  above  the  eutectic 
(467“).  It  may  be  that  y-K2Mo04  forms 
solid  solutions  with  potassium  di¬ 
molybdate  as  well  as  viscous,  readily 
supercooled,  melts. 

After  the  eutectic  Ei  the  ' 
liquidus  of  the  K2M0O4  -  M0O3  system 
exhibits  a  low  maximum,  corresponding 
to  potassium  dimolybdate,  with  a 
melting  point  of  489° •  This  salt  crys¬ 
tallizes  out  of  the  molten  mass  as 
transparent  stub".  ;  prisms  that  appar¬ 
ently  belong  to  the  rhombic  system  and 
exist  in  a  very  narrow  percentage  range 
of  the  molybdlc  anhydride  in  the  sys¬ 
tem  (46-53  mol.^). 

The  eutectic  E2  at  48l° 


lowed  by  a  branch  of  the  curve  that  ^ _ ,  1  1  1  ^  ^  _ 

rises  to  a  maximum  representing  potas-  ,  ^  ^  AP  ^  30  ijo  ^  ^  BO  fO /(X>/ 

slum  trimolybdate,  with  a  melting 
point  of  571' •  This  compound  forms 

fine  needles.  The  next  eutectic  is  E3  '  Fig.  1.  Binary  system;  normal 

(553° at  73  mol.^  of  molybdic  anhyd-  potassium  molybdate  -  molybdic  an 

ride  in  the  system,  after  which  the  hydride 

liquidus  curve  rises  once  more  to  the 
maximum  for  potassium  tetramolybdate,  , 

with  a  melting  point  of  559" •  Potassium  tetramolybdate  forms  prismatic  crystals 
that  apparently  belong  to  the  monoclinic  system.  Its  crystal  clusters  are  some¬ 
times  arranged  with  their  points  toward  the  surface  of  the  solidifying  melt,  re¬ 
sembling  pointed  columns.  Adding  more  molybdic  anhydride  to  the  potassium  tetra 
molybdate  entails  the  lowering  of  the  freezing  point  of  the  mixture  to  the  eu¬ 
tectic  E4  (547° ) }  after  which  the  liquidus  rises  all  the  wa^;  up  to  the  melting 
point  of  M0O3,  though  the  rise  of  the  crystallization  temperature  is  uneven  in 
this  portion  of  the  diagram. 

The  presence  of  two  cusps  on  the  liquidus  curve  (Fi  and  Fp),  as  well  as 
the  change  in  the  appearance  of  the  crystals  that  settle  out,  indicates  that 


No. 

Molar  ^ 
M0O3 

Crystallization 
temperature,  °C 

Appearance  of  the  separating 
solid  phase 

Remarks 

47 

87.5 

697 

Clusters  of  minute  needles  upon 
the  surface  of  the  melt 

48 

90 

724 

The  same 

^9 

92.5 

740 

The  same 

50 

95 

764 

The  same  ^ 

51 

100 

795 

The  molten  mass  fumes  consider¬ 
ably 

Melting  point  0: 
molybdic  anhyd¬ 
ride 

A 

unstable  compounds  are  apparently  present,  most  likely  potassium  hexa-  arid  octa- 
molybdates.  They  fuse  incongruently,  thus  giving  rise  to  the  peritectics  Fiand 
F2.  Potassium  hexamolybdate  forms  clusters  of  stub  prisms,  arranged  in  the 
shape  of  stars  on  the  surface  of  the  molten  mass.  The  hypothetical  potassium 
octamolybdate  yields  similar  crystals,  the  pripms  of  which  are  somewhat  longer. 


Extrapolating  the  branches 
of  the  fusibility  curve  beyond 
the  points  Fi  and  F2,  Ve  can 
calculate  the  melting  point  of 
potassium  hexamolybdate  at  589“ ^ 
while  that  of  the  octamolybdate 
is  649“.  It  is  not  Impossible 
that  the  manifestation  of  these 
cusps  on  the  final  branch  of  the 
liquidus  curve  is  due  to  homeo- 
morphlc  [7]  or  polymorphic 
transformations  of  the  molybdic 
anhydride.  The  heat'ing  curve  of 
our  preparation  of  M0O3,  how¬ 
ever,  indicates  the. complete 
absence  of  any  transformations 
in  the  solid  phase  of  this  com¬ 
pound  (Fig.  2). 


Fig.  2.  Heating  curve  of  molybdic  an- 
r  hydride 


The  phase  diagraih  we  have 

plotted  for  the  K2Mo04  -  M0O3  system  is  more  accurate  than  the  diagrams  plotted 
by  Hoermann  and  Amador i.  These  authors  plotted  their  diagrams  from  experimental 
data  taken  at  Intervals  of  10  mol.^  of  molybdic  anhydride  in  the  system.  In  the 
most  important  sections  of  the  diagram  (40-90  mol.^  M0O3)  we  measured  the  crys¬ 
tallization  points  of  the  mixtures  at  intervals  of  1  mol.^. 


Identical  results  were  obtained  in  three  separate  experiments  on  the  fusi¬ 
bility  of  the  K2M0O4  -  M0O3  system,  plus  numerous  repetitions  of  the  measurements 
of  individual  crystallization  points  of  the  mixtures,  and  it  may  be  taken  for 
granted  that  the  system  is  more  complicated  than  had  been  realized  previously. 

It  contains  potassium  dl-,  trl-,  and  tetramolybdates,  while  it  seems  that  the 
less  stable  potassium  hexa-  and  octamolybdate s  are  likewise  formed. 


2.  Binary  system  of  normal  rubidium  molybdate  and  molybdic  anhydride.  In 
many  ways  this  system  reminds  one  of  the  preceding  one,  its  liquidus  curve  being 
almost  the  same.  The  slight  difference  boils  down  to  a  less  prominent  maximum 
for  rubidium  molybdate  and  a  slight  lowering  of  the  temperature  of  crystalliza¬ 
tion  for  the  other  isopolymolybdates.  Table  2  and  Fig.  3  give  the  results  of  our 
thermal  investigation  of  the  Rb2Mo04  -  M0O3  system.  ^ 

The  melting  point  of  normal  rubidium  molybdate  was  found  to  be  929°*  In 
this  system,  as  in  the  previous  one,  we  found  four  eutectic  arrest  points  and 
two  peritectics,  Fi  and  F2.  The  first  eutectic  point  Ei  (458®)  is  located  at 
44  mol.'jt  of  molybdic  anhydride,  the  second  E2  (478®)  at  5I  mol.^  of  M0O3,  the 
third  E3  (549“)  at  73  mol,^,  and  the  fourth  E4  (546°)  at  79  mol.^. 

When  we  compare  the  liquidus  curve  for  the  system  of  normal  rubidium  molyb¬ 
date  and  molybdic  anhydride  with  the  similar  curve  for  the  preceding  potassium 
system,  we  note  that  nearly  all  the  characteristic  points  of  the  two  systems  re¬ 
peat  In  the  same  order.  The  rubidium  system  likewise  displays  the  di-,  trl-, 
and  tetramolybdates,  the  hexa-  and  octamolybdates  also  being  present,  apparently. 

Rubidium  dimolybdate  forms  lustrous  colorless  rhombic  lamellae  on  the 
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TABLE  2 


The  Binary  System  Normal  Rubidium  Molybdate  -  Molybdic  Anhydride 


No. 

Appearance  of. the  separating 
solid  phase  - 

Remarks 

1 

0 

929 

,  Minute  pointed  crystals 

Rb2Mo04  M.p. 

2 

5 

909 

The  same 

10 

873 

The  same  •  / 

k 

15 

837 

■  .  .  ■  •  The  "Same 

- 

5 

20 

796 

The  same 

6 

25 

754 

The  same 

• 

7 

30 

705 

The  same 

8 

35 

644 

Turbidity,,  with  ensuing  viscous  melts 

9 

37.5 

611 

The  same 

10 

39 

587 

The  same 

11 

40  • 

570 

The  same 

12 

4l 

546 

The  same 

13 

42' 

524 

•The  same 

ih 

43 

The  same 

15 

44 

458 

The  same 

Eutectic  El 

16 

45 

46o 

Lustrous  rhombic  lamellae  form  on  the 
surface  of  the  melt.  Stub  prisms 
throughout  the  melt 

17 

46 

465 

The  same 

18 

47 

470 

The  same 

• 

19  ■ 

48 

473 

The  same 

20 

49 

477 

The  same 

21. 

50  * 

'  479 

The  same 

RbaMogOy  M.p. 

22 

51 

478 

The  same 

Eutectic  E2 

25 

52 

•  487 

Fine  aclcular  crystals  throughout 
the  melt 

2k 

53 

496 

The  same 

25 

54 

506 

The  same 

26 

55 

517 

The  same 

27 

57.5 

532 

The  same 

28 

6o 

■545 

The  same 

29 

62.5 

556 

The  same 

30 

65 

-  560 

The  same 

31 

r  67.5 

563 

The  same 

Rb2MQg  0i 0  M.p. 

32 

69 

562 

The  same 

33 

!■  70 

558 

The  same 

3k 

^^71 

f  Y2 

555 

The  same 

35  " 

552 

The  same 

36 

73 

549 

The  same 

Eutectic  E3 

37 

i  7i^ 

552 

Yellow  prismatic  crystals 

38 

75 

55^ 

The  same 

Rb2Mo40i3  M.p. 

39 

76 

553 

•The  same 

40 

77 

550 

The  same 

4i 

;  78 

546 

The  same 

Eutectic  E4 

42 

i  79 

55^ 

Clusters  of  minute  prisms 

43 

!  80 

562 

The  same 

44 

81  . 

569 

The  same 

45 

82  ' 

583 

The  same 

Peritectic  Fi 

46 

83 

595 

Clusters  of  longer  prisms 

47 

84 

604 

The  same 

ft.n'hlia  rnnf.lm 

PR  nn  npxt  nafire 

(table  continues  on  next  page) 


Table  2  (continued) 


No. 

Molar  ^ 
M0O3 

Crystalliz¬ 
ation  temp. ,  °C 

Appearance  of  the  separating 
solid  phase 

Remarks 

48 

85 

.610 

Clusters  of  longer  prisms 

49 

86 

624 

Clusters  of  minute  needles 

Peritectlc  F2 ‘ 

50 

87.5 

655 

The  same 

51 

90 

692 

The  same 

52 

.  92.5 

722 

The  same 

53 

95 

750 

The  same 

54 

100 

795 

The  molten  mass  fumes  considerably 

M0O3  M.p. 

surface  of  the  melt.  The  irimol'ybd- 
ate  'crystallizes  as  thin  acicular 
crystals.  The  prismatic  crystals 
of  the  tetramolybdate  are  gray.  The 
hexa-  and  octamolybdates  form  '  ‘  j 

clusters  of  prisms,  the  prisms 
•being  longer  in  the  octamolybd^te. 

The  melting  points  of  rubid¬ 
ium  di-,  tri-,  and  tetramolybdates: 

^79,  565,  and  55^%  respectively, 
average  some  5-10°  higher  than  the 
melting  points  of, the  analogous  isol 
polymolybdates  of  potassium.  '  The 
difference  between  the  melting 
points  of  the  unstable  hexa-  and  ' 
octamolybdates  of  rubidium  and  pot-' 
assium  is  greater,  the  correspond-  ,, 
ing  rubidium  compounds  fusing  at 
some  20-40“  less  (575  and  617*). 

Viscous  melts,  like  those  noted  in 
the  K2Mo04  —  Mo0;3  system,  are  ob¬ 
served  close  to  the  eutectic  Ei 
along  the  branch  of  the  9urve  at 
which  the  normal  rubidium  molybdate 
crystallized.  ^ 

The  binary  system  of  nor¬ 
mal  cesium  molybdate  and  molybdlc 
anhydride.  This  system  differs  from 
the  preceding  ones  in  not  possessing 

a  maximum  corresponding  to  a  cesium  dimolybdate.  Nor  are  the  maxima  ror  the’ 
other  isopolymolybdates  very  distinct,  as  was  the  case  in  the  analogous  system 
for  the  potassium  molybdates.  They  all  lie  at  lower  temperatures.  The  results 
of  our  thermal  analysis  of  the  CS2M0O4  -• M0O3  system  are  set  forth  in  Table  3  , 

and  Fig.  4.  i 

^  i 

We  found  the  melting  point  of  normal  cesium  molybdate  to  be  925° • 

Three  eutectic  points  were  found  in  this  system.  The ‘first  eutectic  Ei 
(458“)  was  located  at  45  mol.^  of  M063,  the  second  Eg  (523°)  at  72  mol.^,  and 
the  third  E3  (530°)  at  77  mol.^.  The  llquidus  curve  of  the  CS2M0O4  -  M0O3  system 
also  exhibited  two  peritectlc  points,  Fi  and  F2,  at  82  and  84  mol.^  of  M0O3.  They 
demarcate  regions  of  unstable  compounds:  cesium  hexa-  and  octamolybdates,  as  we 
assumed. 


Fig.  3*  The  binary  system  normal  rub¬ 
idium  molybdate  —  molybdlc  anhydride 


1498 


TABLE  3 


Binary  System  Normal  Cesium  Molybdate  -  Molybdic  Anhydride 


No. 

Molar  % 
MoOa 

:;!rystalliz- 
ation  temp.,  °C 

Appearance  of  the  separating 
solid  phase 

Remarks 

1 

0 

•925 

Scattered  pointed  crystals 

CS2M0O4  m.p. 

2 

5 

902 

The  same 

3 

10 

866 

The  same 

k 

15 

827 

The  same 

5 

20 

785 

The  same 

6 

25 

734 

The  same 

7 

30 

679 

The  same 

8 

35 

■624 

The  same 

9 

39 

1 

• 

567 

Turbidity  sets  in  long  before  final  cr 
tallization,  followed  by  formation  of 
viscous  melts.  Prominent  needles  in  *' 
solidified  mass.  ' 

ys- 

10 

40 

553 

The  same 

11 

4l 

529 

The  same 

12 

42 

506 

The  same 

13 

43  • 

491 

The  same 

Ik 

44 

470 

The  same 

15 

45 

458 

The  same 

Eutectic  El 

16 

46 

472 

Acicular  crystals 

17 

1*7 

1*79 

The  same 

18 

48 

484 

The  same 

19 

49 

488 

The  same 

20 

50 

494 

The  same 

21 

51 

-  ^99 

The  same  1 

■ 

22 

52 

505 

The  same 

23 

53 

509 

The  same 

2k 

55 

517  ' 

The  same 

25 

57.5 

527 

The  same 

26 

60 

537 

The  same 

27 

62.5 

542 

The  same 

28 

65 

544 

The  same 

29 

67.5 

5^5  . 

The  same 

CS2M03O10  M.p 

30 

69 

543 

The  same 

31 

70 

5^9 

The  same 

32 

71 

535 

The  same 

33 

72 

523 

The  same 

Eutectic  E2 

34 

73 

529 

Prismatic  crystals 

35 

74 

532 

-  The  same 

36 

75 

534 

The  same 

Cs2Mb40i3  M.p 

37 

76 

532 

The  same 

38 

77 

530 

The  same 

Eutectic  E3 

39 

78 

539 

Clusters  of  stub  prisms 

40 

79 

546 

The  same 

4l 

80 

550 

The  same 

Peritectic  Fi 

42 

81 

■560 

> : ' u  The  Sam^  _  ^  . 

43 

82 

567 

The  same 

44 

83 

571 

Clusters  of  longer-  prisms 

45 

84 

575 

The  same 

Peri tec tic  F2 

46 

85 

593 

The  same 

47 

87.5  ' 

630 

Clusters  of  minute  needles 

48 

90 

678 

The  same 

49 

92.5 

708  " 

The  same 

50 

95 

742  ■ 

The  same 

' 

51 

100 

795  ! 

The  melt  fumes  considerably 

M0O3  M.p. 
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The  maximum  representing  the  cesium  tri-  and  tetramolybdates  on  the  liquidus 
curve  of  this  system  are  located  at  5^5  53^°  ^  respectively,  or  18-20“  lower 

than  the  melting  points  of  the  analogous  isopolymolybdates  of  rubidium.  The 
melting  points  of  the  hypothetical  hexa-  and  octamolybdates  of’  cesium  are  taken 
to  be  556  and  581° >  respectively. 

Cesium  trimolybdate  J’orms.  fine  acicular  crystals,  .while  the  theramolybdate 
crystallized  in  prisms.  Cesium  hexamolybdate  consists  of  clusters  of  Zstub 
prisms,  while  the  octamolybdate  consists  of  clusters  of  longer  prisms. 


^ The ‘pyrometric  investigation  of  some 
of  the  alloys  with  the  N.S.Kurnakov  auto¬ 
matic  recording  pyrometer  confirmed  the 
results  secured  by  the  visual  polythermal 
method.  The  heating  curves  of  mixtures 
of  cesium  molybdate  and  molybdic  anhyd¬ 
ride,  the  compositions  of  which  lay  in 
the  regions  of  viscous  melts  (37-^5  mol,^ 
M0O3),  displayed  the  sloping  areas  that 
are  characteristic  of  solid  solutions. 

This  bears  out  the  supposition  expressed 
above  regarding  the  reasons  for  the  form¬ 
ation  of  viscous  melts  on' the  crystal¬ 
lization  curve  for  the  normal  molybdate 
near  the  eutectic  point.  ,  • 

The  behavior  of  the  cesium  Isopoly¬ 
molybdates  below  the  liquidus  was  also  of 
interest.  In  the  region  representing  the 
existence  of  the  tri-  and  tetramolybdates, 
an  exothermal  effect  (Fig.  5)  is  observed 
along  the  heating  curve  of  the  respective 
melts,  no  matter  what  their  composition 
was. 


Fig.  4.  The. binary  system  normal 
cesium  molybdate  —  molybdic  an¬ 
hydride. 


This  phenomenon  is  apparently  due  to 
the  fact  that  the  acid  molybdates  of 
cesium  crystallized  from  the  melt  undergo 
partial  or  complete  decomposition  as 
cooling  continues  into  the  normal  cesium 
molybdate  and  molybdic  anhydride  or  into 
a  more  stable  acid  molybdate.  When  the  ’ 

resultant  mixture  of  compounds  is  heated, 

an  exothermic  reaction  involving  the  formation  of  cesium  acid  molybdates  evidently 
occurs  at  570* .  It  may  be  that  this  phenomenon  occurs  in  all  systems  that  contain 
acid  molybdates. 

Table  4  gives  the  melting  points  of  the  compounds  we  have  Investigated. 


TABLE  4 


Melting  Points  of  Potassium,  Rubidium,  and  Cesium  Molybdates 


Melting  points  of  various  types  ( 

of  molybdates 

L/  w  X  Oil 

MesMoaOsFi 

K 

926° 

489“ 

571“ 

559“ 

589“  * 

649“  * 

Rb 

929 

479 

563 

554 

575  * 

617  * 

Cs 

925 

— 

545 

554 

'  556  * 

581  * 

•  Melting  point  extrapolated  from  the  cusps  on  the  liquidus  curve. 
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It  will  be  noticed  that  the  melting  points  of  the  acid  molybdates  of  potas¬ 
sium,  rubidiiim,  and  cesium  are  :tar  below  those  for  the  normal  molybdates.  The 
melting  points  of  the  iso¬ 
polymolybdates  rise  as  their 
percentages  of  molybdic  an-  . 
hydride  rises,  the  sole  ex¬ 
ception  being  the  tetra- 
molybdates,  whose  melting 
points  are  lower  than  those 
of  the  trimolybdates. 

To  judge  by  the  nature 
of  the  phase  diagrams  cited, 
most  of  the  acid  molybdates 
discovered  by  the  method  of 
thermal  analysis  melt  with 
decomposition.  This  is  es¬ 
pecially  true  of  the  hexa- 
and  octamolybdates,  which 
have  been  detected  at  the 
cusps  on  the  liquidus  curves. 

The  most  stable  are  most 
likely  the  trimolybdates  of 
‘of  potassium,  rubidium,  and 
cesium. 

The^ normal  molybdates  of  potassium,  rubidium,  and  cesium  fuse  within  an  ex¬ 
tremely  harrow  range  (925-929* )•  The  melting  point  drops  in  all  the  isopolymclyb- 
dates  as  we  pass  from  the  potassium*" compounds  to^the  rubidium  and  cesium  com¬ 
pounds..  This  phenomenon  is  apparently  due  to  the  decrease  in  the  stability  of 
the  space  lattices  as  the  ionic  radii  of  the  alkali  elements  are  increased. 

Comparing  the  results  of  the  present  investigation  with  the  data  in  the  lit¬ 
erature  on  the  composition  of  the  acid  molybdates  of  lithium  and  sodium,  we  may 
state  that  the  alkali  elements  form  the  following  isopolynolybdates,  crystallized 
from  their  melts: 

LigMogOy  '  Na2Mo20y  K2M02O7’  Rb2Mo207'  — 

‘  -  Li2MO30io  N^2MO30io  K2MO3O10  Rb2MQ30io  .  CS2MO3O10 

LI2M04P13  Na2Mo40i3  K2M04O13  Rb2Mo40i3  CS2M04O13 

~  ~  K2MOSO19  Rb2MO60ig  CS2MOe0ig 

~  ~  KgMOsOgs  RbgMOgOgs  CSgMOgOgs 

As  the  ionic  radii  of  the  alkali  elements  grow  larger,  there  is  an  increas¬ 
ing  tendency  for  them  to  form  more  highly  acid  molybdates,  while  the  dimolybdates 
become  less  stable  apparently.  ’  ' 

SUMMARY 

1.  The  K2M0O4  -  M0O3,  Rb2Mo04  -  M0O3,  and  CS2M0O4  -  M0O3  systems  have  been 
investigated  by  the  method  of  thermal  analysis. 

2.  In  contrast  to  the  latest  data  in  the  literature,  the  system  K2M0O4  - 
M0O3  has  been  found  to  contain  the  di-,  trl-,  and  tetramolybdates  of  potassium, 
as  well  as  the  unstable  hexa-  and  octamolybdates. 

r  * 

5.  The  liquidus  curve  of  the  Rb2Mo4  -  M0O3  system  resembles  the  correspond¬ 
ing  curve  for  the  K2M0O4  -  M0O3  system. 

^  4.  Cesium  does  not  form  a  dimolybdate.  Otherwise,  the  CS2M0O4  -  M0O3 
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system  exhibits  the  same  compounds  as  the  rubidium  one. 

5.  The  crystalline  forms  of  the  molybdates  of  potassium,  rubidium,  and  ces¬ 
ium  have  been  described,  and  some  regularities  in  the  behavior  patterns,  of  their 
melting  points  have  been  set  forth. 

6,  The  heating  curves  of  melts  of  the  acid  molybdates  of  cesium  exhibited 
an  exothermal  effect  at  37^^“  •  The  hypothesis  is  advanced  that  reversible  chem¬ 
ical  transformations  occur  in  the  solid  phases  in  acid  molybdate  systems. 
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THE  BINARY  SYSTEMS  CONSTITUTED  BY  SnCl^,-  SbClg,  and  AsClg 

f  ' 

yi.  THE  ASCI3  -  CCI3COOH  SYSTEM  • 


T.  Sumarokova  and  A.  Babkov 


The  present  paper  gives  the  results  of  a  study  of  the  viscosity  and  density 
in  the  ASCI3  -  CCI3COOH  system  at  20,  and.60“,  by  way  of  comparison  with  the 
SbCl3  -  CCI3COOH  system  [1]. 

The  arsenic  trichloride  was  twice  distilled  and  sealed  in  an  ampoule. 


The  results  of  the  viscosity  measurements  are  listed  in  Table  1. 

^  i  / . 

TABLE  1  ■  • 


•Viscosity  of  the  ASCI3  -  CCI3COOH  System 


Moi."^ 
ASC13  ' 

h  •  10^ 

.  20° 

35“ 

60° 

100.00 

12.26 

10.50 

8.05 

86.07 

14.03 

■  11.53 

8.51 

7^.7^ 

16.21  . 

13.61 

9.52  • 

68.85 

18.71 

14.79 

9.93 

65.80 

19.52 

15.56 

10.51 

56.25 

22.92 

18.01 

12.19 

39.24 

55.44 

25.92  , 

15.95 

22.11 

Crystals 

40.39 

22.76 

8.26 

Crystals 

Crystals 

32.48 

0.00 

Crystals 

Crystals 

•,  38.65 

The  variation  of  viscosity  with  composition  is  represented  in  Fig.  1.  As 
we  see  from  the  figure,  the  Viscosity  drops  uniformly  from  CCI3COOH  to  ASCI3.  The 


viscosity  Isotherms  are  convex  to  the  axis 

The  absence  of  conductivity  in  the 
system  indicates  that  the  system  constit¬ 
uents  do  not  react  with  each  other,  as  ^ 
the  latter  results  in  the  setting  up  of 
conductivity  in  the  analogous  systems 
formed  by  SbCl3  and  CH3COOH,  CH2CICOOH, 
and  CCI3COOH  [1,2,3]. 

The  density  data  are  tabulated  in 
Table  2.  ’  • 

The  variation  of  the  specific  vdlume 
with  the  composition  (in  wt.  is  repre¬ 
sented  by  the  straight  line  In  Fig.  2,. 


of  composition  for  all  temperatures. 
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TABLE  2 


Density  of  Mixtures  of  AsCla  and  CCI3COOH 


Mol.  i  ~ 
AsCl.-, 

1  d 

20“ 

55" 

5o“ 

100.00 

2.1624 

2.1231 

2.0624 

86.07 

2.0749 

2.0431 

1.9957 

•7^.7^ 

2.0106 

1.9820 

1.9^19 

68.85 

1.9896 

1.9623 

1.9050 

65.80 

"  1.9621  • 

1.9251  . 

1.8851 

56.25 

•  1.9159 

1.8842 

1.8462 

59.24 

1.8279 

1.8043 

1.7709 

22.11  . 

Crystals 

1.7258 

1.6872 

8.26 

Crystals 

Crystals 

1.6344 

0.00 

Crystals 

Crystals 

1.6051 

An  investigation  of  the  viscosity  and  density  of  the  ASCI3  -  CCI3COOH 
system  has,  therefor^,  indicated  that  the  system  constituents  do  not  interact 
with  each  other .  * 

SUMMARY 

1.  The  viscosity  and  density  of  the  ASCI3  -  CCI3COOH  system  has  been  inves¬ 
tigated  at  20,  55^  and  60“ . 

2.  The  resulting  diagrams  establish  that  no  chemical  Interaction  between 
the  constituents  occurs  in  this  system. 
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THE  BINARY  SYSTEMS  CONSTITUTED  BY  SnCl^  ,  SbCl^  ,  and  AsClg 


VII „  THE  AsCl  -  CHgClCOOH  and  AsClg-  CHgCOOH  { 

SYSTEMS 


T.  Sumarokova  and  the  Student  V.  Glushchenko 


Monochloroacetic  acid  was  purified  by  triple  distillation,  the  fraction 
with  a  boiling  point  of  182®  at  688  mm  pressure  being  collected  and  sealed  into 
ampoules.  The  constants  of  the  monochloroacetic  acid  were  as  follows:' dfo  1.39D7> 
r\  50  0.03091.  The  acetic  acid  was  desiccated  with  calcined  CUSO4,  distilled,  and 
then  subjected  to  fractional  freezing,  and  sealed  into  ampoules. •  The  constants 
of  the  acid  were  as  follows:  m.p.  l6.35°^  ^20  1.0489^ n  20 '0*01299«  The  arsenic 
trichloride  was  purified  by  triple  distillation,  the  fraction  with  a  b.p.  of  125® 
at  676  mm  being  collected  and  sealed  into  ampoules.  The  constants  of  the  arsenic 
trichloride  were  as  follows:  d|o2.l647  and 20  O.OIO3.  ! 

a)  The  AsCls  -  CH2CICOOH  system  proved  to  be  a  nonconductor)  its  viscosity 
and  density  were  investigated  at  ^0,  60°,  and  70° •  The  results  of  our  measure¬ 
ments  of  the  viscosity  of  the  AsCla  -  CH2CICOOH  system  are  listed  in  Table  1 
and  represented  graphically  in  Fig.  1.  The  density  data  are  listed  in  Table  2. 


Mol.  ^ 
ASCI3 


100.00 
78.40 
70.27 
66.66 
54.00 
45.45 
35.55 
21.54 
20.70 
14.34 
10.82 
8.40 
5.70 
\  4.32 

0.00 

The  viscosity  of  this  system  rises  uniformly  from  AsCla  to  CH2CICOOH,  the  iso¬ 
therms  being  curves  convex  toward  the  composition  axis. 


TABLE  1 


r\  “10^ 

?0° 

60° 

70° 

1 

!  0.822 

0.745 

0.689 

1,003 

0,894 

0.812 

1.084 

0.965 

0.867 

l.l4o 

1.013 

0.907 

;  1.340 

1.166 

1.016 

1.387 

1.198 

1.056 

1.756 

1.485 

1.281 

- 

1.774 

1.521 

2.191 

1.809 

1.541 

j  — 

1.989 

1.678 

;  2.650 

2.135 

1.779 

1  -  . 

2.222 

1.844 

•  - 

2.292 

1.902 

- 

2.328 

1.955 

3.091 

2.446. 

2.051 
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'  As  the  temperature  is  raised,  the  viscosity  diminishes  greatly  in  the  region 
of  the  monochloroacetic  acid.  The  absence  of  conductivity  and  the  sagging  shape 
of  the  viscosity  isotherm  indicate  that  there  is  no  chemical  interaction  in  the 
system.  The  linear  nature  of  the  variation  of  the  specific  volume  with  composi¬ 
tion  (Fig.  2)  is  evidence  that  no  molecular  changes  occur  in  the  system. 


TABLE  2 


Mol71^ 

Wt.^ 

1  d 

AsCla 

AsCla 

50" 

60* 

70° 

100.00 

100.00 

'  2.0995 

2.0785 

2.0585 

78.40 

87.10 

1  1.9708 

1.9515 

1.9317 

70.27 

81.95 

1.9500 

1.9004 

1.8809 

66.66 

'  79.33 

1.9011 

1.8797 

1.8587 

54.00 

69^26 

;  1.8156 

1.7975 

1.7791 

45.43 

67.89 

1.8076  - 

1.7900 

1.7720 

3't.55 

50.32 

1.6735 

1.6579 

1.64i; 

21.54 

'  34.51 

1.5752 

1.5607 

1.5461 

14.34 

:  24.31  1 

'  1.5124 

1.5030 

1.4860 

10.82 

18.60 

- 

1.4690 

1'.4564 

8.4D 

15.00 

- 

1.4465 

1.4533 

.  5.70 

10.68 

-  ^  .! 

1-1.4229 

- 

4.32 

1.97 

—  , 

i  1.4115 

1.3991 

I 


h)  The  AsCla  ~  CH3COOH  system' s  conductivity,  viscosity,  and  density  were 
investigated  at  20,  ^0^  60,  and  70° •  The  results  of  the  viscosity  measurements 
are  given  in  Table  3*  Fig*  3  shows  the  variations  of  viscosity  with  composition 
We  see  in  the  Figure  that  the  viscosity  Isotherms  pass  through  a  maximum  (at 
^0-50  mol,^  AsCla),  which  shifts  toward  the  more  viscous  constituent  AsCla 
the  temperature  is  raised.  Inasmuch  as  the  temperature  coefficient  of  viscosity 


TABLE  3 


Mol.^ 

AsCla 

r\  -10® 

20° 

50* 

60° 

70° 

100.00 

10.25 

8.218 

7.449 

6.887 

81.25 

12.13 

8.728 

7.796 

7.024 

72.90 

- 

9.005 

7.933 

7.197 

63.10  , 

i  13.78 

9.325 

8.191 

- 

53.63  • 

- 

9.237 

8.319 

7.567 

52.90 

14.66  ; 

I  “ 

- 

- 

40.70 

,  15.62 

'  9.820 

8.409 

7.452 

29.90  1 

1  15.41 

9.702 

8.304 

7.277 

21.74 

14.87 

9.460 

8.120 

7.131 

9.83  ^ 

1  13.12 

■8.793 

7.599 

6.679 

0.00 

i  12.09 

1  7.650 

6.500 

5.500 

of  CHaCOOH  is  higher  than  that  of  AsCla^ 


the  viscosity  of  AsCla  exceeds  that  of 
CHaCOOH  at  5O  and  60" .  The  presence  of 
a  viscosity  maximum  indicates  that  interaction  takes  place  within  the  system. 
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The  fact  that  the  ASCI3  —  CH3COOH  system  is  a  conductor  shows  that  the  interac¬ 
tion  is  of  an  acid-hasic  nature. 

The  conductivity  of  the  ASCI3  -  CH3COOH  system  was  investigated  at  50  aiid 
60° .  The  mixtures  were  prepared  by  successively  adding  CH3COOH  to  a  given 
amount  of  ASCI3  directly  in  the  vessel  used  for  the  conductance  measurements. 

The  conductance  measurement  data  are  listed  in  Table  4.  Table  4  and  Fig.  4, 
which  plots  the  conductance  as  a  function  of  the  composition,  indicate  that  the 
conductance  isotherms  are  complex.  They  traverse  a  maximum  located  at  approx¬ 
imately  60  mol.^  ASCI3  and  a  point  of  inflection  at  50  mol.^  ASCI3..  The  specific 
conductance  drops  as  the  temperature  rises,  the  conductance  maximum  shifting  to¬ 
ward  the  ASCI3  side  of  the-  graph.  The  conductance  isotherms  grow  simpler  when 
a  viscosity  correction  is  applied.  The  isotherms  of  the  corrected  conductance 
(Fig.  5)  traverse  a  maximum  located  at  approximately  58-6O  mol.  ^  ASCI3. 

The  data  on  the  corrected  conductance  are  listed  in  Table  5.*  We  do  not 
reproduce  the  figures  for  the  temperature  coefficient,  as  its  value  is  low 
(about  1^)  and  varies  but  little  with  concentration. 


Fig.  4.  Fig.  5. 


The  results  of  our  density  measurements  are  given  in  Table  6.  Figure  6 
plots  the  specific  volume  as  a  fimction  of  the  composition,  expressed  in  per  cent 
by  weight.  We  see  in  the  figure  that  shrinkage  occurs  in  the  system,  due  to 
interaction  of  the  system  constituents. 

Hence,  ”the  data  on  the  conductivity,  viscosity,  and  density  lead  us  to  con¬ 
clude  that  the  system  components  enter  into  acid-basic  interaction  with  each 
other,  the  ASCI3  acting  as  an  acid.  We  secured  no  data  on  the  composition  of 
any  c  ompounds . 

Comparison  of  the  results  obtained  in  our  studies  of  the  ASCI3  -  CH2CICOOH, 
ASCI3  —  CHsboOH,  and  ASCI3  -  CCI3COOH  Indicates  that  of  the  three  acids  (CH3COOH, 
CH2CICOOH,  and  CCI3COOH)  only  CH3COOH  manifests  basic  properties  with  respect  to 
AsC I3 . 


THE  REACTIONS  OP  NITRATES  AND  NITRITES  OP  METALS  OP  THE 


PIRST  AND  SECOND  GROUPS  OP  D.  I,  MENDELEEV’S  PERIODIC 
SYSTEM  IN  THE  MOLTEN  STATE 

/ 

II.  Investigation  of  the  Ternary  System  Consisting  of  the 

Nitrates  of  Strontium  -  Potassium  -  Sodium  in 

the  Molten  State 

/ 

P.  I.  Protsenko  and  A.  G.  Bergman 


Not  much  research  has  been  done  on  the  chemistry  of  nitrates  and  nitrites 
in  the  molten  state.  According  to  the  references  in  the  handbook  literature  avail¬ 
able  to  us  [i,2,3,4,5,6] ,  a  total  of  35  binary  and  6  ternary  systems  has  been 
investigated.  ’  The  investigations  carried  out  by  various  authors  on  nitrate- 
nitrite  salt  equilibria  are  of  an  incidentaL  character,  without  the  general  idea 
of  explaining  the  nature  of  chemical  interaction  between  nitrate  -  nitrite  con¬ 
stituents  of  melts  as  a  function  of  the  position  of  the  respective  elements  in 
the  Mendeleev  periodic  system.  Only  in  the  papers  by  A.P.Palkin  [6,v]  on  binary 
systems  consisting  of  silver  nitrates,  on  the  one  hand,  and  nitrates  of  the  alk¬ 
ali  metals,  on  the  other,  do  we  find  an  Indication  of  a  pattern  of  behavior  in 
the  change  of  the  nature  of  chemical  interaction  as  the  atomic  weight  of  the  alk¬ 
ali  metal  Increases.  Filling  this  gap  in  our  knowledge  of  the  chemistry  of  molten 
salts  became^  a  natural  objective. 

The  present  paper  is  a  continuation  of  systematic  researches  in  the  equilib¬ 
rium  state  in  systems  consisting  of  nltre^tes  and  nitrites  of  metals  in  the  first 
and  second  groups  of  the  D. I. Mendeleev  periodic  system,  carried  out  by  one  of 
the  present  authors.  The  study  of  the  behavior  of  nitrates  of  strontium,  potas¬ 
sium,  and  sodium  in  the  molten  state  had  as  its  objective  the  ascertaining  of 
the  nature  of  the  chemical  interaction  occurring  between  the  nitrates  of  the  fore¬ 
going  metals  in  binary  and  ternary  combinations,  as  well  as  adding  further  factual 
material  on  ternary  salt  equilibria,  required  to  disclose  the  general  behavior 
patterns  existing  in  the  chemistry  of  nitrates  and  nitrites  in  the  molten  state. 

Harkins  and  Clark  [3]  made  a  study  of  the  fusibility  diagram  of  the  ternary 
system  consisting  of  the  nitrates  of  strontium,  potassium,  and  sodium  [3].  This 
investigation  was  never  completed,  however. 

Incomplete  and  insufficiently  precise  measurements  of  the  binary  systems; 
strontium  nitrate  —  potassium  nitrate,  and  strontium  nitrate  -  sodium  nitrate, 
have  been  made  by  N.A.Dailidovich  and  M. A. Nikitin  [s].  We  therefore  set  as  our 
objective  a  careful  investigation  of  the  whole  ternary  fusibility  diagram.  ' 

Binary  systems.  The  strontium  nitrate  -  sodium  nitrate  binary  system  has 
two  branches  of  the  crystallization  curve  -  a  short  branch  for  the  crystallization 
of  sodium  nitrate,  dropping  uniformly  to  the  eutectic  point  at  287“  and  a  com-  ' 
position  of  90-5  mol.^  of  sodium  nitrate  and  9*5  mol*.^  of  strontium  nitrate,  and 


long  crystallization  branch  for  the  strontium  nitrate,  rising  sharply  to  the 
ordinate  for  the  composition  of  50  mol.^  of  strontium  nitrate.*  This  latter 
composition  is  reached  at  480° .  When  the  molten  salts  of  strontium  and  sodium 
nitrate  were  heated  above  480°,  any  further  addition, of  strontium  nitrate  re¬ 
sulted  in  decomposition  of  the  salts,  indicated  by  the  dotted  lines  on  the 
liquidus  c\irve  (Fig.  1  and  Table  l).  The  melts  of  strontium  and  sodium  nitrate 
are  colorless,  transparent,  and  readily  crystallizable. 


TABLE  1 


(Eutectic;  287*) 


Temp,  at  which 
first  crystals 
settled  out 


with  the  evolution  of  oxygen.  In  the  fusibility  diagram  of  the  system,  the 
liquidus  curve  is  shown  by  a  dotted  line  beyond  the  point  where’  decomposition 
sets  in  (Fig.  1  and  Table  2) . 


TABLE  2 

(Eutectic:  277-5“) 


Point 

No.  •, 
'  } 

Equimolecular  ■ 

per  cent 

Temp,  at  which 
first  crystals 
settle  out 

Point 

No. 

Equimolecular 
per  cent 

Temp,  at  which 
first  crystals 
settle  out 

(KN03)2 

Sr(N03)p 

(KN03)2 

1 

0 

100 

337° 

14 

29 

71 

304° 

2 

5 

95 

526 

15 

•30 

70 

308 

5 

7.5 

92.5 

320 

16 

32.5 

67.5 

324 

k 

10 

90 

316 

17 

35 

65 

558 

5 

12.5 

87.5 

311 

18 

37.5 

62.5 

35^ 

6 

15 

85 

306 

19 

40 

60 

369 

7 

17.5 

82.5  ' 

301 

20  . 

1*2.5 

57.5 

384 

8 

20 

80 

295 

21 

45 

55 

400 

9 

22.5 

77.5 

.  291 

22 

50 

50. 

424 

10 

25 

75 

278 

23 

55 

45 

447 

11 

26 

7*> 

284 

24 

60 

40 

472 

12 

27 

73 

290 

25 

65 

35 

494 

13 

28 

1 

72 

294 

26 

1 

70 

30 

513 

The  melts  of  strontium  and  potassiiim  nitrates  are  also  transparent  and 
colorless  and  crystallize  readily  all  along  both  liquidus  curves. 

The  sodium  nitrate  -  sodium  nitrite  system  has  been  described  by  the 
present  authors  previously  [s]  (Fig.  l) . 

We  investigated  five  ternary  sections  to  determine  the  nature  of  the 
interaction  of  the  nitrates  of  strontium,  potassium,  and  sodium  in  a  ternary 
molten  mass  and  to  study  the  liquidus  surface.  Sections  I,  II,  III,  and  IV 
from  the  Sr(N03)2  vertex  to  the  potassium  nitrate  -  sodium  nitrate  side  of  the 
triangle  were  investigated,  as  was  section  V  from  the  potassium  nitrate  - 
strontium  nitrate  side  of  the  triangle  to  the  (NaN03)2  vertex  (Fig.  2). 

Sections  T,  II,  III,  and  TV  were  drawn  in  order  to  find  the  line  demar¬ 
cating  the  crystallization  areas  of  the  strontium,  potassium,  and  sodium  nit¬ 
rates. 

Ternary  sections.  Section  I;  20^  (NaN03)2  +  80^  (003)2  -^-Sr (N03)2> 
exhibits  two  crystallization  branches:  a  short  one  for  the  crystallization  of 
solid  solutions  of  potassium  and  sodium  nitrates,  which  drops  rectilinearly  to 
the  transition  point,  and  the  crystallization  branch  of  strontiiim  nitrate, 
which  rises  steeply  to  the  composition  ordinate  for  65^  strontium  nitrate.  The 
transition  point  is  located  at  252.5°  and  a  composition  of  16.5^  sodium  nitrate, 
66^  potassium  nitrate,  and  17-5^  strontium  nitrate. 

The  melting  points  of  the  molten  salts  along  the  section  line  I  have 
been  investigated  up  to  ^97° •  The  salts  decompose  above  that  temperature  (Table 
3,  Fig.  5).  ^  • 

Section  II;  (NaN03)2+  (KN03)2  — ^Sr (1^03)2 >  has  two  crystalliz¬ 

ation  branches:  a  branch  for  the  crystallization  of  solid  solutions  of  potassium 
and  sodium  nitrates,  and  another  for  strontium  nitrate',  which  is  somewhat  convex 
toward  the  composition  axis  and  rises  steeply  to  the  composition  ordinate  for 
65^  strontiiim  nitrate.  Adding  more  strontium  results  in  decomposition  of  the 


Point lEaulmolecular  per  cent 
No. 


TABLE  5 

(Transition  Point;  252.5°) 


Eauimolecular  per  cent 


Temp. 

first 

crystals 


salts.  The  transition  point  is  located  at  210“  and  a  composition  of  12.5^  stron¬ 
tium  nitrate,  52*5^  potassium  nitrate,  and  35^  sodium  nitrate  (Fig.  5  and  Table  4). 

Section  III;  60^  (NaNOsjg  +  (KN03)2  —^Sr(NQ3)2,  has  two  crystalliz¬ 

ation  branches;  a  short  branch  for  the  crystallization  of  solid  solutions  of  pot¬ 
assium  and  sodium  nitrates,  which  drops  almost  rectilinear ly  to  the  transition 
point,  and  a  branch  for  the  crystallization  of  strontium  nitrate,  which  rises 
steeply  to  the  composition  ordinate  for  60^  strontium  nitrate.  The  transition 
point  is  located  at  219°  and  a  composition  of  9^^  strontium  nitrate,  35 *5^^  potas¬ 
sium  nitrate,  and  55-5^  sodium  nitrate.  The  melting  points  of  the  taelts  have 
been  traced  as  high  as  491°  along  the  sectional  line  III.  Decomposition  of  the 
salts  sets  in  above  that  temperature  (Fig.  3  and  Table  5)* 


TABLE  5 

(Transition  Point  219° ) 


Point 

No. 

Equimolecular  per  cent 

Temp. 

first 

crystals 

Point 

No. 

Equimolecular  per  cent 

Temp. 

first 

crystals 

Sr(N03)2 

(KN03)2 

(NaN03)2 

Sr(N03)2 

(003)2 

(NaN03)2 

1 

0 

40 

60 

250° 

10 

25 

30  ■ 

45  • 

333° 

2 

2.5 

38.5 

59 

228 

11 

30 

28 

42 

353 

5 

5 

37.5 

57.5 

225 

12 

35 

26 

39 

382 

4 

7.5 

36  . 

56.5 

223 

13 

40 

24 

36 

404 

5 

9 

35.5 

55.5 

219 

l4 

^5 

22 

33 

427 

6 

10 

35.2 

54.8 

224 

15 

50 

20 

30 

448 

7 

12.5 

35 

52.5 

252 

16 

55 

18 

27 

470 

8 

15 

34 

51 

!  277 

17 

60 

16 

24 

491 

9 

,  20 

32 

48 

I  307 

Section  IV:  80^  (NaNOa)^  +  20^  (KNOa)^  — >^^(^03)2,  has  two  crystalliz¬ 
ation  branches:  a  short  one  for  the  crystallization  \of  solid  solutions  of  potas¬ 
sium  and  sodium  nitrates,  which  is  slightly  convex  toward  the  composition  axis, 
and  a  long. one  for  the  crystallization  of  strontiim  nitrate,  which  rises  steeply 
to  the  composition  ordinate  for  60^  strontium  nitrate.  The  transition  point  is 
located  at  255 *5°  and  a  composition  of  10^  strontium  nitrate,  18.5^  potassium, 
nitrate,  and  71*5^  sodium  nitrate.  The  melting  points  of  the  melts  have  been 
traced  up  to  495°  along  the  sectional  line  TV,  the  molten  mass  decomposing  above 
that  temperature  (Fig.  3  and  Table  6). 


TABLE  6 

(Transition  Point  255.5°) 


Point 

No. 

Equimolecular  per  cent 

Temp. 

first 

crystals 

Point 

No. 

Equimolecular  per  cent 

Temp. 

first 

crystals 

Sr(N03)2 

(003)2 

(NaN03)2 

Sr(N03)2 

(003)2 

(NaN03)2 

1 

0 

20 

80 

272° 

9 

15 

17 

68 

296* 

2 

2.5 

19.5 

78 

270 

10 

20  ' 

16 

64 

325 

3 

5 

19 

76 

267 

.  11 

25 

15 

60 

345 

4 

7.5 

18.7 

T3.8 

262 

12 

30 

l4 

56 

370 

5 

10 

18.5 

71.5 

255.5 

13 

40 

12 

48 

415 

6 

11 

18.2 

70.8 

262 

14 

50 

10 

40 

453 

7 

12 

18 

70 

270 

15 

60 

8 

32 

495 

8 

T3 

17.5 

69.5 

277 

1515 


Section  V:  13^  Sr(NO.>:^)p  +  85%  (KNO.^)p  — »"(NaNOn)gi  was  drawn  to  determine 
whether  the  solid  solutions  break  down  into  separate  crystallization  regions  for 
the  sodium  and  potassium  nitrates.  In  contrast  to  the  Sections  I,  II,  III,  and 
IV  described  above.  Section  V  is  a  continuous  curve  with  a  minimum  at  212°  and 
a  composition  of  8.55^  strontium  nitrate,  49^  potassium  nitrate,  and  42.5^  sodium 
nitrate  (Fig.  5  and  Table  7)- 


TABLE  7 

(Minimum  at  212° ) 


Point 

No. 

Equlmolecular  per  cent 

Temp. 

first 

crystals 

Point 

No. 

Equlmolecular  per  cent 

Temp. 

first 

crysta 

Sr(N03)2 

gggj 

(NaN03)2 

1 

15 

85 

- - 

0 

302° 

9 

9 

51 

40 

213“ 

2 

14 

81 

5 

289 

10 

8.5 

49 

42.5 

212 

3 

13.5 

76.5 

10 

277 

11 

8 

47 

45 

214 

4 

13 

72 

15 

262 

12 

7.5 

42.5 

50 

216 

5 

12 

68 

20 

250 

13 

7 

38 

55 

224 

6 

11  .■ 

64 

25 

257 

14 

6 

3^+ 

60 

235 

7 

10.5 

59.5 

30 

224 

15  r 

^•5  , 

25.5 

70 

252 

8 

10 

55 

35 

215 

As  we  see  from  Fig.  3^  the  fusibility  curve  for  Section  V  is  typical  of 
those  cases  in  which  the  components  form  a  continuous  series  of  solid  solutions 
with  one  another.  There  are  no  signs  of  any  decomposition  of  the  solid  solu¬ 
tions  along  Section  V,  which  was  investigated  up  to  the  composition  ordinate  for 
70^  sodium  nitrate,  as  it  was  impossible  to  determine  the  melting  points  above 
that  composition. 

The  nature  of  the  binary  systems  that  are  the  primary  constituents  of 
the  ternary  system:  strontium  nitrate  -  potassium  nitrate  and  strontium  nitrate  - 
sodium  nitrate,  served  as  a  basis  for  the  theoretical  forecast  of  a  fusibility 
diagram  with  a  single  eutectic  point  and  separate  crystallization  areas  of  its 
constituents.  The  fusibility  diagram  of  the  ternary  system,  plotted  from  the 
foregoing  experimental  data,  displayed  a  line  o: 
with  a  minimum  located  at  308°  and  a  composi¬ 
tion  of  11.3^  strontium  nitrate,  ^5^  sodium 
nitrate,  and  44.7^  potassium  nitrate,  and 
with  two  crystallization  areas:  a  strontium 
nitrate  area  with  a  crystallization  surface 
at  77- 18^  and  an  area  for  the  isomorphic  mix¬ 
ture  of  potassium  and  sodium  nitrates,  which 
does  not  undergo  decomposition.  The  crys¬ 
tallization  surface  of  the  isomerphic  mixture 
was  22.82^. 

The  results  of  our  experimental  study 
of  the  ternary  system  have  been  summarized  in 
the  triangular  projection  of  the  isotherms  of 
the  three-dimensional  phase  diagram  (Fig.  4). 

Figure  5  is  an  orthogonal  projection  of  the 
crystallization  path  on  the  potassium  nitrate- 
sodium  nitrate  side  of  the  triangle.  The' 
singularity  of  the  system  investigated  is  read¬ 
ily  seen  in  the  crystallization  curve. 


joint  crystallization,  however. 


Fig.  5. 


The  curve  of  joint  crystallization  of  the  three  components  is  bent,  with' 
a  minimum,  as ‘is  characteristic  of  solid  solutions.  The  Joint  crystallization 
curve  demarcates  only  two  areas:  a  large  area  of  pure  strontium  nitrate,  and  an 
area  of  isomorphic  crystals  of  KNO3  +  NaNOa.  A  general  view  of  the  fusibility 
diagram  of  the  ternary  system  is  given  in  the  photograph  of  the  model  (Fig.  6: 
see  Plate,  pagel699). 

SUMMARY 

1.  The  visual-polythermal  method  of  physicochemical  analysis  has  been 
used  in  a  study. of  the  ternary  system  consisting  of  the  nitrates  of  strontium, 
potassium,  and  sodium. 

2,  The  following  binary  systems  have  been  Investigated: 

a)  Strontium  nitrate  -  sodium  nitrate,  which  has  a  eutectic  with  a  melt¬ 
ing  point  of  287°  and  a  composition  of  9*5  equimolecular  per  cent  of  strontium 
nitrate  and  90*5  equimolecular  per  cent  of  sodium  nitrate. 

b)  Strontium  nitrate  —  potassium  nitrate,  which  has  a  eutectic  with  a 
melting  point  of  278®  and  a  composition  of  25  equimolecular  per  cent  of  strontium  . 
nitrate  and  75  equimolecular  per  cent  of  potassium  nitrate. 

3*  It  has  been  found  that  the  fusibility  of  the  ternary  system  consti¬ 
tuted  by  the  nitrates  of  strontium,  potassium,  and  sodium  is  that  of  systems  pos¬ 
sessing  a  minimum.'  This  minimum  is  located  at  208*  and  a  composition  of  10. 3 
equimolecular  per  cent  of  strontium  nitrate,  ^5  equimolecular  per  cent  of  sodium 
nitrate,  and  44.7  equimolecular  per  cent  of  potassium  nitrate. 

The  line  of  the  Joint  crystallization  of  the  three  constituents  divides 
the  fusibility  diagram  of  the  ternary  system  into  2  regions;  the  strontium 
nitrate  region  with  a  crystallization  surface  of  77*18  equimolecular  per  cent, 
and  the  region  of  solid  solutions  of  potassium  and  sodium  nitrate,  with  a  crys¬ 
tallization  surfac?  of  22.82  equimolecular  per  cent. 

4.  In  the  ternary  system,  the  strontium  nitrate,  as  the  component  whose 
melting  point  is  higher  than  those  of  the  components  that  form  solid  solutions, 
not  only  does  not  cause  the  solid  solutions  to  decompose,  but  is  actually  a 
stabilizing  factor. 
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PHYSICOCHEMICAL  INVESTIGATIONS  OP  CONCENTRATED  SOLUTIONS 


XI.  THE  SbBrg-AlRrg  -  CBr^  SYSTEM 


A.  Ya.  Gorenbeln  and  E.  B.  Kriss 


In  previous  reports  one  of  the  present  authors  has  shown  [i]  that  applying 
a  viscosity  correction  causes  the  maximum  of  the  molar  conductance  of  systems 
consisting  of  an  electrolyte  and  a  dielectric  (the  solvent)  to  , vanish,  so  that 
the  molar -conductance,  corrected  for  viscosity,  rises  uniformly  with  increasing 
concentration  of  the  electrolyte.  As  we  see  it,  this  rise  in  the  corrected. molar 
conductance  with  increasing  electrolyte  concentration  ought  to  hold  good  up  to 
the  ultimate  concentration  of  the  electrolyte,  i.e.,  the  individual  electrolyte, 
existing  in  the  liquid  state  without  any  solvent  at  the  same  temperature  at  which 
the  solution  was  tested.  The  correctness  of  this  assertion  has  been  proved  in 
systems  consisting  of  coordination  compounds  of  aluminum  bromide  and  bromides  of 
various  metals,  with  aluminum  bromide  as  the  solvent  [2]. 

The  difficulties  involved  in  checking  this  assumption  arise  from  the  circum¬ 
stance  that  the  boiling  point  of  the  solvents  is  usually  lower  than  the  melting 
points  of  the  salts.  Therefore,  bearing  in  mind  that:,  l)  the  components  of  the 
coordination  compound  SbBra'AlBra  do  not  constitute  .conducting  solutions  with 
CBr4j  2)  the  thermal  analysis  findings  indicate  that  aluminiun  bromide  does  not 
form  a  chemical  compound  with  CBr4  [3];  and  5)  the  melting  point  of  carbon  tetra- 
bromlde  is  higher  than  that  of  the  coordination  compound  SbBra'AlBra,  we  decided 
to  make  a  study  of  the  SbBra'AlBra  “  CBr4  system  in  order  to  check  the'  effect  • 
of  viscosity  on  the  molar  conductance,  on  the  one  hand,  and  on  the  other,  to  in¬ 
vestigate  the  change  in  ■t;he  h*  h  product  with  dilution,  starting  with  the  indi¬ 
vidual  electrolyte,  SbBr3*'AlBr3,  at  various  temperatures. 

Initial  substances  and  experimental  procedure.  The  aluminum  bromide  and 
antimony  bromide  were  prepared  as  described  in  a  report  by  one  of  the  present 
authors  [4].  The  carbon  tetrabromlde  was  prepared  and  purified  by  the  method 
described  by  Bartal  [5],  involving  its  synthesis  from  acetone  and  bromine  in  an 
alkaline  medium,  followed  by  repeated  recrystallization  of  the  resultant  CBr4 
from  methanol  and  its  desiccation  with  P2O5. 

The  procedure  used  in  preparing  the  solutions  and  the  measurement  technique 
have  been  described  in  a  paper  by  one  of  the  present  authors  [e].  The  SbBra'AlBra 
was  melted  in  CBr4  by  slowly  heating  the  two  at.  as  low  a  temperature  as  possible 
over  an  oil  bath  in  order  to  avoid  any  eventual  decomposition  of  the  oarbon  tetra- 
bromide. 

The  usual  cell  with  a  ground-glass  stopper  was  used  in  measuring  the  con¬ 
ductance.  The  electrodes  were  not  platinized  (the  platinizing  came  off  in  the 
molten  masses).  The  cell  constants  of  the  cells  we  used  ranged  from  O.O96  to 

0.2863). 
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'V 

It  should  be  said  that  the  color  of  the  solutions  varied  from  crimson  to  a 
deep,  dark  red,  depending  upon  the  electrolyte  concentration  employed.  This  was 
due,  apparently  to  a  certain  amount  of  decomposition  of  the  CBr4. 

Experimental.  According  to  the  thermal  analysis  findings,  antimony  brom¬ 
ide  (forms  a  coordination  compound  SbBra'AlBra  [3],  which  is  a  good  conductor  in 
the  molten  state,  with  aluminum  bromide.  Hence,  the  SbBrs'AlBra  -  CBr4  system 
may  be  regarded  as  a  binary  one  in  which  the  electrolyte  is  the  SbBra-AlBra. 

Since  we  were  interested  in  the  effect  of  dilution  upon  the  corrected  molar 
conductance,  beginning  with  the  individual  electrolyte,  we  investigated  the  con¬ 
ductance,  the  viscosity,  and  the  specific  gravity  at  the  higher  concentrations. 

Our  measurement  results  are  listed  in  Tables  1-4,  being  the  specific  grav¬ 

ity,  V.  the  specific  conductance,  cp  the  dilution  (in  ml),  ^  the  molar  conductance, 
h  the  viscosity,  and  the  product  of  the  molar  conductance  and  the  viscos- 

i'ty* 


TABIJ]  1 


SbBra'AlBrs  -  CBr4  System  at  85“ 


,dt/4“  ' 

j  x-10®  1 

I 

.  ^ 

50.5 

1 

1  3.131  ^ 

'  2.47  1 

397.7 

0.98 

4.766 

0.047 

54.4 

:  3.145 

•  3.12  : 

:  367.4 

1.15 

5.42* 

0.062 

60.7 

3.175  i 

4.12 

325.8 

1.54 

6.422 

0.086 

79.2 

3.256  1 

6.62 

245.7 

1.61 

11.601  i 

1  0.187 

87.6 

3:285  i 

■  7.51 

217.8 

1.65 

15.315 

'  0.250 

89.9 

^.305  i 

7.78 

!  211.0 

.  1.64 

16.255 

0.266 

92.5 

3.317  ; 

j  - 

- 

18.055 

- 

95.0 

3.324  : 

!  8.10  1 

1  199.0 

1.61 

19.704  . 

0.517 

100.0 

3.346  ! 

1  8.45  i 

1  187.7 

j  1.58 

25.466 

0.571 

TABLE  2 


SbBra'AlBra  -  CBr4  System  at  90“ 


Weight 

SbBra-AlBrs 

at/4. 

x.  10^ 

cp 

nr  10^ 

1 

50.5 

3.118 

2.68 

339.2  i 

1 

1.07 

4.285 

0.046 

54.4 

3.133 

5.4o 

368.9 

1  1.25 

4.85  * 

0.061 

60.7 

5.162 

4.51 

327.1  1 

i  1.47 

5.614 

1  0.082 

79.2 

5.244 

7.30 

244.6  ! 

!  1-.  78 

9.949  • 

i  0.177 

87.6  ! 

3.279 

8.50 

218.7  i 

1  1.81 

12.924 

0.254 

89.9 

3.292 

8.60 

212.5  ; 

;  1.82  1 

13.657 

0.248 

92.5 

3.306  1 

- 

-  'n  ' 

1  _  ( 

15.174 

1 

95.0 

3.313 

9.00  i 

1  199.7 

1.80 

16.527 

0.297 

100.0  1 

3.335 

9.39 

1  188.5  j 

1  i 

19.561 

0.546 

Figvires  1^  and  2  show  the  variation  of  the  specific  conductance  and  the  vis¬ 
cosity,  respectively,  with  concentration  and  temperature.  As  the  concentration 
rises,  the  specific  conductance  increases,  while  it  drops  with  Increasing  tem¬ 
perature.  The  isotherms  of  specific  conductance  are  concave  upward.  As  we  see 
in  the  curves  of  Fig.  2,  the  viscosity  Increases  with  concentration,  slowly  at 
first  and  then  more  rapidly.  Raising  the  temperature  diminishes  the  viscosity 


*  itie  figures  maiiced  with  an  asterisk  were  found  by  interpolation. 
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SbBr o • AlBr 


TABLE  5 

SbBr3°AlBr3  —  C'bR4  System  at  95 


K  -10^ 

<p 

2.89 

5.68 

1.  QQ 

370.3 

mm 

jdO  •  d 

245.6 

9.11 

219.0 

9.40 

215.0  1 

9.91 

200.3  j 

10.34 

189.1  1 

3.899 
k.32  ’ 
5.042 
8.735 

11.299 

11.688 

13.048 

14.077 

16.599 


SbBro ‘AlBr 


95.0 

100.0 


TABLE  4 

SbBr3*AlBr3  -CBr4  System  at  100 


K-10® 


3.291  1 

3.313  ! 


11.13 

11.64 


402.5 
371.8 
330.0 

246.6 
220.0 
2l4,0 

201.0 

189.6 


5.527 
5.92  * 

4.539 
7.698 
9.655 
10.192 
11.292 
2.24  12.091 

2.21  13.957 


0.229 


0.271 
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Fig.  1.  Isotherms  of  specific  con¬ 
ductance  for  the  SbBr3“AlBr3  —  CBr4 
system. 


0  »  Ito  €0  fO  io> 

Gb5>'s  . 

Fig.  2.  Viscosity  isotherms  for 
the  SbBr3*AlBr3  —  CBr4  system. 


of  the  system.  The  curves  are  all  concave  upward.  The  ciirves  in  Fig.  3  repre 
sent  the  variation  of  the  molar  conductance  and  of  the  product  of  molar  con¬ 
ductance  times  viscosity  with  dilution.  As  the  concentration  is  raised,  the 


molar  conductance  increases  at  first  to  a  maximum  and  then  drops  off.  When  allow¬ 
ance  for  viscosity  is  made,  “^^he  maximum  on  the  molar  conductance  curve  'vanishes,, 
the  p  “"n  product  rising  as  the  SbBra-AlBra  concentration  is  increased  and  reach¬ 
ing  its  highest  value  for  the  pure 
ShBra’AlBra  electrolyte. 


In  this  system  as  well,  therefore,  the 
appearance  of  a  maximum  on  the  molar  con¬ 
ductance  curve  is  due  to  the  great  in¬ 
crease  in  the  system's  viscosity  as  the 
electrolyte  concentration  is  raised. 


Fig.  3‘  Isotherms  of  molar  conduc¬ 
tance  (l)  and  corrected  molar  con¬ 
ductance  (ll)  for  the  SbBrs'AlBra  - 
CBr4  system. 


Fig.  4.  Variation. of  the  corrected 
molar  conductance  with  the  ratio 

V  -  Vo 

V  •  Vo  ' 


The  II  curves  in  Fig.  3  denote  the  variation  of  IJ-  ”  h  with  dilution  and 
temperature.  The  ^  “  h  -  <P  isotherms  are  close  together.  As  in  our  previous 
papers  [7],  we  attribute  the  decrease  in  the  ii'h  product  with  increasing  dilu¬ 
tion  as  well  as  with  rising  temperature  to  the  fact  that  the  individual  elec¬ 
trolyte  has  the  highest  degree  of  regularity.  The  degree  of  regularity  is  gov- 
erneld  by  the  presence  of  structural  groups,  which  possess  their  own  intrinsic 
conductivity. 

As  dilution  progresses,  the  structural  groups  disappear,  being  converted 
into  neutral  ion-pairs  that  do  not  participate  in  the  conducting  of  current,  so 
that,  beginning  with  the  individual  electrolyte,  the  corrected  conductance 
drops  off. 

The  decrease  in,  |ji“  with  dilution  in  solutions  possessing  a  high  attains 
a  minimum,  after  which  the  M-'h  rises  in  accordance  with  the  dilution  law. 

One  feature  of  this  system  is  that  we  were  able  to  trace  the  effect  of  dilu¬ 
tion,  starting  with  the  individual  electrolyte,  at  four  different  temperatures. 
The  isotherms  II  in  Fig.  3«  indicate  that  at  high  concentrations  the  pro¬ 
duct  drops  off  with  rising  temperature  at  any  given  concentration.  We  believe 
that  this  drop  of  the  M-  'T\  product  is  due  to  the  same  causes  that  produce  the 
decrease  in  the  11°^  product  with  dilution,  i.e.,  the  impairment  of  the  regular¬ 
ity  of  the  electrolyte  with  rising  temperature. 

The  findings  of  the  present  research  therefore  fully  bear  out  the  concepts 
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developed  previously  concerning  the  nature  of  concentrated  solutions 

One  of  the  present  authors  has  proposed  that  the  variation  of  the  corrected 
anomalous  molar  conductance  with  dilution  at  high  concentrations  be  expressed 
by  the  equation: 

Lii  =  Lio  ■“  h  - “  1 

where  m-q  is  the  corrected  molar  conductance  of  the  individual  electrolyte  in 
the  liquid  states  vq  is  the  volume  of  one  mole  of  the  electrolyte,  in  liters 5 
M-i  id  the  corrected  molar  conductance  at  the  given  dilution  vj  and  k  is  a  con¬ 
stant  . 

This  equation  may  also  be 
written  thuss 


[ir\  or\o  -  ki  ^  T  ^ 

and  ought  to  be  represented  by 
a  straight  line  graphically. 

To  test  this  equation, 
we  plotted  the  curve  of  |Jh  — 

._[(v  -  vo)/(v“Vo)]  for  the 
one  temperature  of  100“  (Fig.  4). 

Table  5  gives  the  numerical  vhlues  of  the  |i  •  product  and  (v  -  vo)/(wo) 
at  100*. 

As  we  see,  the  curve  in  Fig.  4  actually  is  a  straight  line  for  the  concen¬ 
tration  range  from  100  to  60^  SbBrs’AlBra,  which  agrees  with  the  formula  cited 
above . 

„  ,  .  -  .  .  , . .  ,  .  .  SUMMARY 

1.  The  conductance,  viscosity,  and  specific  gravity  of  the  SbBro’AlBra  - 
CBr4  system  have  been  investigated  at  85,  90^  95^  S'^.d  100®  in  the  concentration 
range  of  50-100^  SbBra’AlBra. 

2.  It  has  been  shown  that  appearance  of  a  maximum  on  the  molar  conductance 
curve  is  due  to  the  Increased  viscosity  of  the  system  as  the  concentration  of 
the  SbBr3*AlBr3  electrolyte  is  raised. 

3.  It  has  been  found  that  the  --  cp  curves  are  anomalous,  the  variation 
of  h  with  dilution  being  expressed  satisfactorily  by  the  equation: 

•  h  =  Ho^o  -  ki  - 2 

V  •  Vo 

for  the  l00-60'5t  SbBr3*AlBr3  concentration  range. 

4.  It  has  been  found  that  the  maximum  corrected  molar  conductance  of  the 
system  corresponds  to  the  corrected  conductance  of  the  individual  electrolyte. 
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'"  TABLE  OP  THE  D,  I.  MENDELEEV  PERIODIC  SYSTEM  OP  CHEMICAL  ELEMENTS, 
BASED  ON  THE  ELECTRONIC  STRUCTURE  OP  ATOMS 


I 

V.  L.  Albansky 


D. I. Mendeleev  was  convinced  that  "the  periodic  variability  of  simple  and 
complex 'bodies  obeys/  some  higher  law,  the  nature  and  cause  of  which  there  is 
as  yet  no  means  of  encompassing  "  [i].  At  the  present  time  science  possesses 
this  "higher  law'’,  and  the  latter  has  become  the  foundation  for  arranging  the 
elements  in  a  table  according  to  two  new  characteristics;-  l)  the  charge  on  the 
nucleus  or,  which  amounts  to  the  same  thing,  the  atomic  number  of  the  element; 
and  2)  the  electronic  structure  of  the  atom.  The  charge  on  the  neucleus  fault¬ 
lessly  established  the  order  of  the  elements,  which  coincides  perfectly  with 
the  sequence  established  by  D. I. Mendeleev;  the  atom's  electronic  structure, 
explaining  the  periodicity  in  the  elements'  properties,  indicates  their  places 
in  the  several  groups.  The  periodic  law,  which  was  the  basis  for  later  achieve¬ 
ments  in  the  exploration  of  atomic  structure,  was  itself  corroborated  anew  by 
these  discoveries. 

When  D. I. Mendeleev  said  that  "Apparently,  the  periodic  law  is  not  threat 
ened  with  demolition  in  the  future,  only  extension  and  development  lying  ahead 
of  it”  [2],  he  foresaw  that  there  would  be  ''additions''  to  the  periodic  table 
of  the  chemical  elements.  More  than  one  hundred  tables  have  been  published 
here  and  abroad  by  now,  endeavoring  to  convey  the  best  representation  of  the 
achievements  of  science  in  atomic  structure. 

The  principal  objectives  confronting  the  authors  of  these  tables  were; 

1)  to  link  the  entire  table  via  one  common  idea,  governing  the  distribution  of 
all  the  elements;  2)  to  select  the  form  for  the  table;  3)  to  fix  the  position 
of  hydrogen;  4)  to  determine  the  position  of  helium  and  the  other  inert  gases; 

5)  to  place  the  lanthanolds  and  the  actinoids;  6)  to  designate  the  sub^oups; 

7)  to  include  the  quantum  shell  numbers;  8)  to  denote  the  transition  of  s  elec¬ 
trons  to  the  d  state,  as  is  observed  in  dozens  of  elements;  and  9)  lastly,  the 
'table  must  not  only  be  based  upon  the  electronic  structure  of  the  atoms,  but 
also  make  it  possible  to  plot  atomic  structure  easily. 

I 

The  present  author  has  solved  these  problems  in  the  following  manner; 

1)  The  elements  are  arranged  in  sequence  according  to  their  atomic  number 
and  arranged  in  groups  according  to  the  electronic  structure.  2)  the  form  of 
the  table,  set  up  with  the  periods  as  the  horizontal  rows,  is  the  short  form, 
i.e.,  with  paired  periods,  beginning  with  Period  IV.  This  was  the  form  of 
table  preferred  by  D. I. Mendeleev; ^ it  is  widely  accepted,  represents  the  inter¬ 
mittent  development  of  the  elements,  and  indicates  the  resemblances  between 
such  elements  as  chlorine  and  manganese,  which  display  this  resemblance  in  their 
higher  oxides  and  fall  into  different  subgroups  of  the  same  group.  3)  Hydrogen, 
having  one  s'  electron,  is  placed  in  Group  I,  where  it  heads  an  entire  subgroup 
of  elements  having  s'  electrons,  in  which  the  ionization  potential  decreases 


from  hydrogen  to  cesium,  as  it  should.  4)  Helium,  which  has  a  second  s  electron, 
is  placed  in  Group  II,  in  the  subgroup  of  the  alkali  earth  elements.  Its  position 
in  this  subgroup  is  also  borne  out  by  the  fact  that  helium  has  a  spectrum  like 
the  spectra  of  other  elements  in  this  subgroup.  The  other  inert  gases,  which 
possess  six  p  electrons,  are  placed  in  Group  VIII.  The  zero  valence  of  the  inert 
gases  should  be  expressed  by  the  following;  elements  that  complete  the  six  full 
periods  have  a  stable  electronic  shell  (2  electrons  in  the  first  period  and  8  in 
all  the  others)  and  zero  valence,  and  are  inert  gases.  5)  The  lanthanolds  are 
covered  by  the  table,  constituting  a  third  middle  subgroup  in  Group  III  arranged 
as  a  vertical  column  of  l4  spaces  underneath  lanthanum.  They  are  all  tervalent, 
three  of  them  being  also  tetravalent,  in  addition.  The  last  electron  of  each  of 
these  elements  is  added  to  the  4th  quantum  shell  (the  third  from,  the  last),  fill¬ 
ing  it  up  progressively  to  the  total  of  32.  These  electrons  constitute  a  special 
subgroup  and  are  called  f  electronsj  they  have  no  valence,  l.e. ,  adding  them  to 
the  electronic  sphere  of  an  atom  does  not  increase  the  valence  of  these  elements. 

The  present  author  explains  the  higher  valence  (above  three)  of  some  of  the 
lanthanolds  and  actinoids  as  follows.  When  the  last  electrons  are  added  to^  the 
electron  envelope  of  the  atoms  of  these  elements,  the  change ’in  energy  level  is 
slight,  owing  to  the  closeness  of  sublevels  4f  to  5^,  and  of  to  6d,  as  well 

as  to  their  great  distance  from  the  center  of  the  atom,  no  matter  whether  these 
electrons  are  in  the  4f  or  state  in  the  lanthanolds  or  in  the  or  6d  state 
in  the  actinoids.  As  a  result,  the  f  electrons  of  these  elements  change  their 
positions  readily,  from  the  f  state  to  the  d  state  and  vice  versa,  this  being 
done  even  more  readily  in  many  of  the  actinoid  elements,  inasmuch  as  the  and 
6d  sublevels  in  these  elements  are  still  farther  from  the  atom  center  and  closer 
to  each  other.  In  the  d  state  these  electrons  are  valence  electrons  and,  hence, 
raise  the  valence  of  the  elements:  in  the  6th  period  cerium,  praseodymium,  and 
terbium  being  raised' to  4j  and  in  the  7th  period,  thorium  being  raised  to  4, 
protactinium  to  5^  and  uranium,  neptunium,  and  plutonium  to  6.  X-ray  examination 
of  Element  No.  90^  thorium,  discloses  no  f  electrons,  whereas  uranium.  No.  92, 
already  has  3  [a]^  i.e. ,  the  number  required  if  the  f  shell  began  to  fill  up 
at  thorium.  In  the  lanthanolds,  after  the  f  electron  of  neodymium  has  been  added 
to  the  atom's  electron  envelope,  the  last  electrons  of  cerium  and  praseodymium 
occupy  the  f  state  permanently,  the  same  being  true  of  the  f  electron  of  terbium 
after  the  f  electron  of  dysprosium  has  been  added.  It  is  harder  to  fix  this 
boundary  in  the  actinoids,  inasmuch  as,  if  it  does  exist  at  all,  it  is  located 
among  artificially  produced  elements,  only  little  X-ray  analysis  of  which  has 
been  accomplished  as  yet,  but  if  we  are  to  go  by  the  higher  oxidation  states, 
namely,  VI  in  plutonium  and  III  in  americium  and  curium,  this  boundary  begins  ' 
at  americium. 

Inasmuch  as  the  arrangement  of  the  elements  in  groups  in  the  present  paper 
is  based  upon  their  electronic  structure,  each  of  the  lanthanolds  and  actinoids  i 
in  which  the  f  electron  shifts  to  the  d  state  and,  hence,  an  element  that  can 
have  a  dual  structure,  occupies  two  spaces  in  the  table,  one  among  the  F  type  of 
elements  and  the  other  among  the  D  type,  the  element's  symbol  being  enclosed  in 
parentheses  in  the  latter  case.  Z)  A  new  feature  of  the  proposed  table  is  des¬ 
ignation  of  the  subgroups.  The  short  form  of  table  proved  to  be  best  suited  for 
this  purpose.  The  reasons  why  the  author  arrived  at  this  conclusion  are  as  fol¬ 
lows.  D. I. Mendeleev  called  the  elements  of  two  short  periods  typical  ones.  The 
author  retains  this  term  and  includes  in  the  S  type  those  elements  in  which  the 
last  electrons  to  be  added  to  their  electron  envelope  are  s  electrons.  Corres¬ 
pondingly,  the  Types  P,  D,  and  F  comprise  the  elements  in  which  the  last  electrons 
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D.  I.  MENDELEEV’S  PERIODIC  SYSTEM  OP  THE  CHEMICAL  ELEMENTS  AS  BASED  ON  THE  ELEMENTS’ 

ATOMIC  NUMBER  (NUCLEUS)  AND  ELECTRON  CONFIGURATION  (SHELL) 

’’Extended”  By  V.  L.  Albansky 
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1.  Hie  elements  are  arranged  In  the  order  of  their  atomic 
numbers  (Moseley’s  law), 

2.  The  vertical  colimins  are  governed  by  the  state  (level) 
of  the  last  s,  p,  d,  or  f  electron  added  to  the  atom’ s  envelope 
(£  f.  li  and  F  types). 

%e  periodicity' is  determined  by  the  repetition  of  the 
electron  configurations  of  the  s  and  £  electrons  (last  quantum 
shell)  and  of  the  d  electrons  (next  to  the  last  quantum  shell) 


Element  Types 

The  S-type  consists  of  elements  in  whose  electron  shells 
the  last  erections  to  be  added  are  the  ^-electrons,  which  begin 
a  new  quantim  shell.  Elements  of  this  type  are  at  the  beginning 
of  a  new  period. 

Hie  P  type  comprises  the  elements  to  whose  electron  shell 
the  last  electrons  to  be  added  are  the  p-electrons,  filling  the 
last  quantum  shell  to  8  electrons.  Elements  of  this  type  term¬ 
inate  a  period. 

The  0  type  comprises  the  elements  to  whose  electron  shells 
the  last  electrons  to  be  added  are  the  d  electrons,  which  fill 
the  next  to  the  last  quantum  shell  to  tEe  total  of  18 

The  F  type  comprises  the  elements  to  whose  electron  shell 
the  last  electrons  to  be  added  are  the  1  electrons,  which  fill 
the  third  from  the  last  quantum  shell  to  a  total  of  32. 

The  last  elements  of  Periods  1-6  are  inert  gases.  Their 
valence  is  zero.  |  ,  ^  ^  ^  ^ 

T  he  arrow  y  denotes  that  one  s  electron  in  that  element 

has  shifted  to  the  d  state,  two  such  arrows  indicating  the  shift 
of  two  such  electrons. 


Quantum  num¬ 
bers  a  for  i 


added  are  p,  d,  and  f  electrons,  respectively.  The  type  S  elements  occupy  the 
left  subgroups  of  Groups  I  and  II,  so  that  these  two  subgroups  may  be  called  S 
subgroups.  The  electrons  of  these  elements  begin  a  new  quantum  shell,  while 
the  elements  themselves  start  the  next  period.  The  type  P  elements  occupy  the 
right-hand  subgroups  of  Groups  III-VIII,  so  that  these  subgroups  have  been  called 
P  subgroups)  these  elements  terminate  a  period.  TheP  subgroup  of  Group  VIII, 
formerly  called  the  zero  group,  comprises  the  inert  gases,  with  the  exception  of 
helium,  whose  electron  structure  places  it  in  the  S  subgroup  of  Group  II.  This 
requires  that  the  last  element  in  each  period  be  denoted  as  an  inert  gas  of  zero 
valence.  The  type  D  elements,  of  which  there  are  10  in  the  4th,  5th,  and  6th 
periods  and  a  fluctuating  number  (l  to  4)  in  the  incomplete  7th  period,  are  to 
be  found  in  all  eight  groups)  in  Groups  I  and  II,  they  constitute  the  right-hand 
subgroups  D,' being  the' left-hand  subgroup  in  all  the  others,  and  there  being  3 
of  them  in  the  subgroup  D  of  Group  VIII.  Lastly,  the  type  F  elements  -  the 
lanthanoids,  as  tervalent  elements,  are  all  placed  in  Group  III  as  a  vertical 
column  of  l4  spaces,  constituting  the  F  subgroup  of  Group  III,  lying  between  the 
D  and  P  subgroups.  The  same  is  done  with  the  actinoids.  7)  The  principal 
quantum  number  of  the  electrons,  n,  or  the  number  of  quantum  shells  for  the  var¬ 
ious  sublevels  s,  d,  an&  f,  are  indicated  in  the  table  as  follows;  for  the, 
s  and  £  electrons,  the  quantum  numbers  coincide  with  the  period  numbers,  as  in¬ 
dicated  in  the  heading  of  the  first  column  in  the  table;  for  the  d  electrons, 
the  quantum  numbers  are  to  be  found  in  the  last  column;  finally,  for  the  f  elec¬ 
trons,  these  numbers  are  to  be  found  alongside  the  vertical  columns  of  the  lanth¬ 
anoids  and  the  actinoids.  8)  In  nine  type  D  elements:  chromium.  No.  24;  niobium. 
No.  4l;  molybdenum'.  No.  42;  technetium.  No.  43;  ruthenium.  No.  44;  rhodium.  No. 

45;  silver.  No.  47;  platinum.  No.  785  and  gold.  No.  79>  one  of  the  s  electrons 
in  the  last  quantum  shell  shifts  to  the  d  state  in  the  next  to  the  last  quantum 
shell,  whereas  in  palladium,  element  No.  46,  both  of  the  electrons  are  thus 
shifted.  This  phenomenon  is  denoted  in  the  table  by  an  arrow,  two  arrows  being 
used  in  the  case  of  palladium,  in  the  spaces- alongside  the  respective  symbol  for 
the  element.  9)  Instead  of  the  symbol  Bk  (for  berkellum) ,  Element  No.  97  has 
the  symbol  Md  (mendeleviiim) ,  as  proposed  by  A.P  Znoiko  and  V. I. Semishin  [4]. 

•On  the  basis  of  the  discovery  of  a  periodic  system  of  atomic  nuclei  by  means 
of  the  Mendeleev  method,"  A.P. Znoiko  predicted  the  feasibility  of  the  artificial 
creation  of  this  element  two  years  before  it  was  actually  produced  at  the  Univer¬ 
sity  of  California. 
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THE  REDUCTION  OP  SILICOTUNGSTATES  WITH  HYDROGEN 


II.  The  Reduction  of  Unsaturated  Potassium  Silicotungstages 


E.  A.  Nikitina  and  A.  8.  Kokurlna 


In  our  preceding  paper  we  reported  the  results  of  reducing  cis-silicotiingstic 
(henceforth  denoted  by  s.t.)  acid  and  its  eight  potassium  salts.  The  present 
paper  reports  on  the  results  of  the  hydrogen  reduction  of  potassium-6  and  -5  s.t. 
and  of  the  hypothetical  solid  solutions  [i]  of  potassium  silicb-ll-tungstate  and 
silico-12-tungstate . 

The  reduction' with  hydrogen  was  carried  out  as  specified  in  our  first  re¬ 
port  [2];  we  analyzed  the  reduction  products  by  means  of  chemical  analysis  of  the 
leaching  alkali,  cryoscopically,  and  by  X-ray  phase  analysis  [3].  The  first 
sample  of  a  solid  solution  of  the  12th  and  11th  series  tested  by  us  had  the  com¬ 
position  set  forth  in  Table  1. 


The  results  of  reducing  the 
salt  are  set  forth  in  Table  2  and 
Fig.  1,  as  well  as  in  the  X-ray 
photos. 

M. A. Vladimirova  was  kind 
enough  to  do  the  X-ray  analysis. 

As  in  the  salts  of  cis-s.t. 
acid  the  decomposition  of  the 
bronzes  was  accompanied  by  dis¬ 
continuous  changes  in  the  direc¬ 
tion  of  the  curve.  The  computa¬ 
tions  of  the  X-ray  photos  are  given 
in  Tables  5  and  4. 


TABLE  1 

Analysis  of  the  Salt 


—  - 

Chemical 

compound 

Per  cent 
found 

_____ 

Per  cent  in 
terms  of  an¬ 
hydrous  salt 

Calculate 
from  form 
ula  4K20- 

Si02  *  IIWO. 

WO3 

79.95 

85.77 

85.36 

Si02 

1.79 

1.92 

2.01 

K2O 

11.51 

12.36 

12.60 

H2O 

6.81 

— 

— 

TABLE  2 

Reduction  of  the  First  Sample  of  Solid  Solution 


Tempera-’ 
Jure  ^ 

Chemical  £ 
Total  K2O; 
in  % 

malysis 

K2O  ledched 
out,  ^ 

,  X-ray  analysis 

Microscope  findings 

0 

0 

0 

12.38 

5.71  ' 

Low  intensity;  lines 
blurred  ' 

Blue -gray  powder  with 
lustrous  inclusions  of 
faintly  violet  hue 

600°  . 

12.38 

6.31 

Intensive  reflections 
from  Pt-bronze;  below- 
average  intensity  fro®  JL 

Brown -gray  conglomerates 
all  permeated  with  lust¬ 
rous  violet  crystals. 

700 

12.38 

11.28 

Tungsten  lattice  predom¬ 
inates.  6  lines  close  to 
those  of  Pt-bronze 

Gray  powder  with  flashes 
of  metallic  tungsten 
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TABLE  3 


Computation  of  X-Ray  Photo  of  Sample  I  of  Hypothetical  Solid  Solution, 
Reduced  at  600*.  Irradiation  -  Cu. 


1 

Intensity  . 

1 

Observed 

Sin^ 

Sin2^  of 
standard 
K-bronze 

h,  k,  1  for 
tungsten 

Sin2^,  com] 
for  tungst( 

Average 

0,6690 

0.0688 

- 

— 

Average 

0.083 

0.0825 

- 

- 

Average 

0,0912 

0.0912 

0113 

0.102 

Very  strong 

0.118 

““ 

011a 

•  0.119 

Strong 

0,143 

— 

- 

Average 

0.160 

0.166 

- 

Average  to  weak 

0.185 

i.i82 

- 

Strong 

0.199 

0.201 

0023 

0.204 

Strong 

0,235 

0.255 

002a 

0.238 

Strong 

0.310 

— 

1123 

0.310 

Very  strong 

0.323 

0.350 

-  • 

— 

Average 

0.355 

0.360 

112a 

0.356 

Average 

0.370 

- 

- 

■  — 

Average 

0.467 

0.460 

•  - 

- 

Very  strong 

•  0.486 

- 

022a 

0.475 

Strong 

0.510 

- 

— 

Blurred 

0.550 

0.550 

— 

- 

Very  strong 

0.661 

0.658 

- 

- 

Very  strong 

0.632 

0.698 

'  - 

- 

Very  strong 

0.759  1 

0.738  • 

— 

- 

Very  strong 

0.834  , 

- 

- 

-■ 

Blurred 

0.860 

0.860 

- 

- 

Very  strong 

0.880 

1 

- 

TABLE  k 

Computation  of  X-Ray  Photo  of  Solid  Solution  Secured  with  Sample  I, 
Reduced  at  700° .  Irradiation  -  Cu 


Intensity 


Blurred 


Average 

Very  strong 

Average 

Very  strong 

Weak 

Average 

Average 


Observed  Sin^  S'  com-  -u  v  i  -p  com- 

Sin^  puted  for  puted  for 

^  V  V  tungsten  T  . 

K-bronze  -tungsten 


11 

12 

Weak 

Strong 

15 

Strong 

14 

Weak 

15 

Weak 

16 

Very  strong 

Fig.  1.  Reduction  of  Fig.  2.  Reduction  of  Fig.  3*  Reduction  of 

solid  solution  sample  I.'  solid  solution  sample  II.  solid  solution  sample  III. 


The  first  column  of  the 
tables  gives  the  numbers  of  the  ' 
lines  in  sequence j  the  second  col¬ 
umn  gives  the  observed  visual  in-  . 
tensity  of  blackness  of  the  lines 
on  the  five -point  system  (very 
strong,  strong,  average,  weak, 
very  weak) j  the  third  column 
gives  the  values  of  the  observed 
Sln^  ^  ;  the  fourth  column  gives 
the  same  value  computed  for  the 
standard  potassium  bronze;  the 
fifth  column  gives  the  Miller  in¬ 
dexes  h,  k,  and  1  for  metallic  tungsten; 
Sin^'S'  computed  for  metallic  tungsten. 


TABLE  5 

Chemical  Composition  of  the 


Salt 


Chemical 

compound 

Per  cent 
foxmd 

Per  cent  in 
terms  of  an¬ 
hydrous  salt 

Calculated 
from  form¬ 
ula  4K20- 
Si02-llW03 

WO3 

79.72 

85.72* 

85 . 36 

SIO2 

1.79 

1.92 

2.01 

K2O 

11.41 

12.27 

12.60 

H2O 

7.08 

-- 

- 

and  the  sixth  column  gives  the  values  of, 


TABLE  6 


Reduction  of  the  Second  Solid  Solution  Sample 


Temper¬ 

ature 

L  analysis 
K2O  leached 
out,  ^  ! 

X-Ray  analysis 

Microscope  findings 

500°  > 

12.27 

6.38 

j 

i 

Weak  Intensity;  lines 
blurred 

Blue -gray  powder  with 
white  inclusions  of  un¬ 
decomposed  salt  crystals 

600° 

12.27^ 

6.48 

Tungsten  lines  present; 
lines  of  K-bronze  pre- 
predominate 

Brown-gray  powder  of  vio¬ 
let  hue.  Some  lustrous 
violet  bronze  crystals 

'  700 

12. ?7 

t 

10.55 

Distinct  tungsten  lattice 
many  lines  characteristic 
of  the  bronzes 

Dark-gray  powder.*  Violet 
bronze  crystals  en¬ 
countered 

800 

1 

.  1 

i 

1 

12.27 

12.09 

Tungsten  lines  predomin¬ 
ate.  Lines  close  to  those 
of  the  bronzes  present 

Light-gray  caking  pieces 
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TABLE  7 


s.t. 


The  decomposition  curve  of  the  bronze  is  of  the  usual  type  for  potassium 


Tables  "J ,  Q,  and  9  reproduce  the  computations  of  the  X-ray  photos  for 
the  solid  solution  at  the  reduction  temperature  tested;  the  X-ray  photos  are 
also  reproduced  (See  plate,  page  1699) 

The  third  sample  of  a  solid  solution  of  the  11th  and  12th  potassium  s.t. 
reduced  with  hydrogen  had  the  composition  given  in  Table  10. 


TABLE  9 


Computation  of  the  X-Ray  Photo  of  the  Second  Solid  Solution  Sample, 
Reduced  at  800“ .  Irradiation  -  Cu 


Line 

No. 

Intensity 

!  Observed 
Sln^ 

Sin2  of  stan¬ 
dard  K-bronze 

h,  k,  1  for 
tungsten 

Sln^  computed 
for  tungsten 

1 

1 

1  Very  strong 

0.122  ! 

1 

011a 

0.119 

2 

Weak 

0.161 

0 . 166  j 

- 

- 

5 

1  Weak 

0.197 

0.201 

0023 

0.204 

k 

,  Strong 

0.238 

- 

002a 

0.238 

5 

Average 

0.293 

0.294 

- 

- 

6  1 

!  Very  strong 

0.361 

0.360 

112a  1 

0.356 

7 

Very  strong 

0.478 

- 

022a 

0.475 

8 

Very  strong 

0.598 

1 

013a  1 

1  0.594 

9 

Average 

0.669  i 

i  0.668  i 

- 

- 

10 

Average 

0.714  ! 

!  .  - 

222a 

J  0.713 

11  i 

I  Very  strong 

0.838 

0.832 

12 

1  Average 

0.860 

1  0.860  , 

1  123a 

— 

The  results  of  reduction  are 
set  forth  in  Table  11,  Fig.  3}  and 
the  reproduced  X-ray  photos. 

The  computation  of  the  X-ray 
photos  is  given  in  Tables  12  and  13 

The  X-ray  photos  are  repro¬ 
duced  (see  Plate,  page  1699) 

Fig.  3  shows  the  discontin¬ 
uous  change  in  the  course  of  the 
curve  diiring  the  decomposition  of 
the  bronze,  as  was  the  case  in  the 
other  tests. 


TABLE  10 


Chemical  Composition  of  the  Salt 


Chemical  1 
compound 

!  Per  cent ' 
Found  j 

'  Per  cent  in 
terms  of  an¬ 
hydrous  salt 

Calculated 
from  form¬ 
ula  4K20* 
Si02*llW03 

WO3 

79.86 

85.67 

85.36 

SiOs 

1.86 

1.99 

2.01 

K2O 

11.50 

12.34 

12.60 

H2O 

6.77 

— 

— 

The 


The  fourth  sample  of  a  solid  solution  was  reduced  at  6OO  and  700“ . 
results  of  analysis  of  the  salt  are  given  in  Table  l4. 


We  cite  the  results  that  are  shown  by  the  X-ray  photos  of  the  salt;  the 
corresponding  computations  of  the  X-ray  photos  are  given  in  Table  I5  and  16.  The 
fourth  solid  solution  sample  was  analyzed  only  by  the  X-ray  method. 

We  then  investigated  the  reduction  of  the  5'th  and  6th  potassium  s.t., 
these  samples  being  reduced  at  5OO,  6OO,  and  700°.  We  did  not  analyze  the  sam¬ 
ples  of  the  reduced  salts  by  the  X-ray  method,  nor  did  we  analyze  the  leach  alka¬ 
li,,  but  confined  ourselves  to  microscopic  examination  in  this  Instance,  as  the 
fasted  method  of  getting  a  qualitative  estimate  of  the  reduction  process.  Micro¬ 
scopic  examination  indicated  that  the  Intensely  violet  crystals  of  the  bronze 


TABLE  11 


Reduction  of  the  Third  Solid  Solution  Sample 


Temper¬ 

ature 

Chemical 

analysis 

X-Ray  analysis 

Microscope  findings 

Total  KzO, 
in-i 

KgO  leached 
out,  ^ 

500® 

12.5^ 

6.21 

Weak  intensity,  though 
the  bronze  lines  can 
be  discerned. 

Blue-gray  powder  with 
white  and  light-violet 
Inclusions . 

600 

12.5^ 

5.98 

All  intense  reflections 
from  the  potassium 
bronze.  Reflection  from 
the  tungsten  lattice 
weak. 

Brown-gray  powder  with 
shining  golden-yellow 
crystals  of  bronze  scat¬ 
tered  through  the  field. 

TOO 

12. 5^^ 

10.65 

The  tungsten  lattice 
predominates.  Lines 
coinciding  with  the 
bronze  lines  are  pres¬ 
ent. 

Dark-gray  powder.  Lus¬ 
trous  violet  crystals 
of  bronze  are  encoun¬ 
tered 

800 

12.34 

12.02 

— 

Light-gray  caking  pow¬ 
der. 

1 


TABLE  12 


Computation  of  the  X-Ray  Photo  of  the  Third  Solid  Solution  Sample, 
Reduced  at  600" .  Irradiation  -  Cu 


Intensity 

Observed 

Sin^ 

Sin'^-Q’of  stan¬ 
dard  K-bronze 

h,k,l  for 
tungsten 

Sin^-8^computed  for 
tungsten 

1 

Average 

0.0636 

0.0688 

— 

— 

2 

Bliarred 

0.0912 

0.0912 

- 

- 

3 

Average ‘ 

0.119 

-  . 

011a 

0.119 

4 

Average 

0.144 

- 

- 

5 

Average  strong 

0.166 

0.166 

- 

- 

6 

Strong 

0.200 

0.201 

0023 

0.204 

7 

Strong 

0.231 

0.255 

002a 

0.238 

8 

Average 

0.267 

-  e|  y'  ■ 

- 

9 

Strong 

0.295 

0.294  ■ 

- 

10 

Strong 

0.350 

0.327 

- 

- 

11 

Average 

0.359 

0.360 

112a 

0.356 

12 

Average -blurred 

0.456 

0.460 

- 

- 

13 

Strong 

0.486 

- 

022a 

•0.475 

l4 

Weak 

0.558 

0.550 

- 

-  ' 

15 

Average 

0.580 

0.580 

- 

- 

16 

Strong 

0.670 

0.668 

- 

- 

17 

Strongly  blurred 

0.695 

0.698^ 

- 

- 

18 

Strong 

0.736 

0.758 

- 

- 

19 

Strong 

0.832 

- 

123a 

0.832 

20 

Strong 

0.875 

- 

- 

- 

21 

Strong 

0.915 

1 

— 

— 
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TABLE  13 


Computation  of  the  X-Ray  'Photo  of  the  Third  Solid  Solution  Sample, 
.  Reduced  at  7OO**  •  Irradiation  -  Cu 


Line 

No. 

Intensity 

Observed 
Sln^  a- 

Sin^  of  stan¬ 
dard  K-bronze 

h,  k,  1  for 
tungsten 

Sin  ^  Or  computed 
for  tungsten 

1 

Blurred 

0.0975 

— 

oiip 

0.102 

2 

Very  strong 

0.123 

- 

011a 

0.119 

3 

Weak 

0.160 

0.166 

- 

- 

4 

Average  strong 

0.243 

- 

002a 

0.238 

5 

Strong 

0.300 

0.294 

- 

- 

6 

Average 

0.309 

- 

1123 

0.307 

7 

Strong  I 

0.333 

0.330 

- 

8 

Very  strong 

0.361 

112a, 

0,356 

9 

Weak 

0.371 

0.360 

- 

- 

10 

Weak 

0.480 

- 

022a 

0.475 

11 

Average  strong 

0.492 

- 

- 

- 

12 

Average  strong 

0.520 

- 

- 

- 

13 

Strong 

0.600 

- 

013a 

0.594 

l4 

i  Strong 

0.672 

0.668 

- 

- 

15 

I  Average 

0.700 

1  0.698  .! 

1  222a 

0.713 

16 

1  Weak 

0.,707 

i  1233 

- 

17 

j  Average 

0.749 

1 

1 

- 

- 

18 

!  Very  strong 

0.832 

123a 

0.832 

19 

;  Strong 

0.890 

■  ■  1 

— 

.  TABLE  14 
Analysis  of  the  salt 


Chemical 

compound 

Per  cent 
found 

Per  cent  in 
terms  of  an¬ 
hydrous  salt 

Calculated  from 
the  formula 
4^0-S102»11W03  (^) 

...  ^ 

WO3 

79.88  ' 

85.64 

85.36 

SIO2 

1.89 

2.03 

2.01 

KsO 

11,50 

12.33 

12.60 

H2O 

6.73 

were  encountered  only  at  600°,  no  bronzes  being  found  in  the  samples  reduced  at 
500  and  700°. 

In  the  overwhelming  majority  of  cases,  the  reduction  of  the  hypothetical 
solid  solutions  of  the  11th  and  12  potassium  s.t.  sets  in  at  500“*  A  bronze  is 
formed  very  slowly  at  this  temperature,  however;  the  X-ray  photos  of  the  samples 
tested  were  unclear,  most  of  the  lines  being  blurry,  which  indicated  the  absence 
of  an  ordered  arrangement  of  the  atoms  in  the  crystal  lattice  and  that  the  lattice 
was  undergoing  rearrangement.  X-ray  analysis  Indicated  that  most  of  the  lines 
typical  of  the  standard  potassium  bronze  are  observed  in  the  potassium  s.t. 
that  are  reduced  at  600° ;  the  X-ray  photos  of  the  solid  solutions  of  the  11th  and 
12th  potassium  s.t.  resembled  the  X-ray  photos  of  the  octasubstituted  potassium 
cis-silicotungstate . 

At  700“ ^  the  X-ray  photos  display  distinct  tungsten  lines,  together  with 
the  bronze  lines,  the  intensity  of  the  tungsten  lines  being  much  higher  than  that 
of  the  bronzes.  Microscopic  examination  also  shows  that  the  formation  of  bronzes 


TABLE  15 


Computation  of  the  X-Ray  Photo  of  the  Fourth  Solid  Solution  Sample, 
Reduced  at  600“ .  Irradiation  -  Cu 


Line 

No. 

Intensity 

Sln^^  of  stan¬ 
dard  K-bronze- 

Observed 
Sln^  ^ 

iilne 

No. 

Intensity 

Sln^  ^  of *stan- 
dard  K-bronze 

Observed 
Sln^  § 

1 

Average 

— 

0.06 

10 

Strong 

0.360 

0.362 

2 

Weak 

0.068 

0.068 

11 

Blurred 

0.460 

0.457 

3 

Average 

0.082 

0.0812 

12 

Blurred 

0.550 

0.549 

hr 

Average 

0.166 

0.164 

13 

Blurred 

0.618 

0.619 

5 

Weak 

0.182 

0.180 

l4 

Blurred 

0.658 

0.655 

6 

Strong 

0.201 

0.199 

15 

Blurred 

0.668 

0.671 

7 

Strong 

0.255 

0.239 

16 

Average 

0.860 

0.863 

8 

Very  _ 

17 

Very 

strong 

0.294 

0.290 

strong 

- 

0.925 

9 

Blurred 

0.332 

0.330 

TABLE  16 

Computation  of  the  X-Ray  Photo  of  the  Fourth  Solid  Solution  Sample,  re 
Reduced  at  700” .  Irradiation  -  Cu 


Line 

No. 

Intensity 

Observed 

Sln^ 

Sln*^  9  of  stand¬ 
ard  K-bronze 

h,  k,  1  for 
tungsten 

Sln“  computed 

for  tungsten 

1 

- 

011a 

0.119 

2 

- 

- 

3 

Average 

0.24l^ 

- 

002a 

0.238 

4 

Weak 

0.296 

0.294 

- 

- 

5 

Weak 

0.330 

0.530 

- 

6 

Strong 

0.356 

0.360 

112a 

0.556 

7 

Average 

0.473 

- 

022a 

0.475 

8 

Strong 

0.595 

- 

■015a 

0.594 

9 

Average 

0.675 

0.668 

- 

- 

10 

Average 

0.713 

- 

222a 

0.713 

11 

Average  strong  0.744 

0.738 

- 

- 

12 

Very  strong 

0.852 

— 

123a 

0.832 

attains  a  maximum  at  600* .  The  production  of  bronzes  as  the  result  of  the  reduc¬ 
tion  of  solid  solutions  of  the  ^th  and  6th  potassium  cls-s.t .  Is  highly  Important 
for  the  theory  of  structure  of  heteropoly  acids,  compelling  us,  as  It  does,  to 
regard  the  presence  of  the  WO3  radicals  within  the  Inner  sphere  of  these  com¬ 
pounds  as  most  highly  probable. 


SUMMARY 

1.  A  study  has  been  made  of  the  reduction  of  some  unsaturated  potassium 
slllco-tungstates  by  hydrogen. 

2.  In  the  solid  solutions  of  11th  and  12th  s.t.,  the  most  bronzes  are 
formed  at  600* j  at  700"^  the  bronzes  are  partially  reduced  to  metallic  tungsten. 

3.  The  ^th  and  6th  potassliam  s.t.  form  bronzes  only  at  600*,  no  traces 
of  bronzes  being  found  In  the  samples  tested  at  5OO  or  7OO® . 

4.  The  feasibility  of  producing  bronzes  from  the  potassium  slllcotung- 


states  from  the  12th  to  the  ^th  series  hears  out  the  general  pattern  of  the  hetero¬ 
poly  acids  based  on  coordination  theory. 
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THE  SURFACE  ENERGY  OP  MOLECULES  AND  THEIR  PHYSICOCHEMICAL  PROPERTIES 

VI,  Molecular  Diameter,  Surface  Energy,  and  the  Constant  g,  in 
The  Van  Der  Waal' s  Equation 

S.  G.  Mokrushin 


Some  time  ago  the  author  [i]  pointed  out  that  the  diameter  of  molecules 
could  be  calculated  on  the  basis  of  Langmuir’s  assumption  [2]  of  the  existence 
of  surface  energy  in  Individual  molecules  and  assuming,  as  a  first  approximation, 
that  the  molecules  are  spherical.  Subsequently,  the  author  [s],  making  use  of 
Langmuir’s  principle  of  Independent  surface  action  [4],  suggested  a  number  of 
equations  for  the  variation  of  the  boiling  point  of  homologous  compounds  with 
the  .number  of  carbon  atoms  or  of  homologous  groups. 


In  the  present  paper  the  author  takes  the  surface  energy  of  a  liquid  to 
be  the  work  of  drawing  molecules  into  the  liquid,  in  accordance  with  the  views 
put  forward  by  Adam" [5].  This  work  of  drawing  molecules  within  a  liquid  is 
nothing  but  the  work  of  the  binding  or  internal  pressure  forces.  In  his  well- 
known  equation,  van  der  Waals  expresses  the  internal-pressure  forces  in  a  liquid 
by  the  term  a/v^,  where  a  is  a  constant  indicating  the  binding  force,  and  v  Is 
the  molar  volume  of  the  liquid.  It  may  be  concluded  that  the  work  necessary  to 
disperse  the  liquid  into  isolated  particles  -  drops  equaling  the  individual  mole¬ 
cule  in  slze'~  will  equal  the  work  or  energy  required  to  overcome  the  internal- 
pressure  forces  when  transforming  one  mole  of  the  liquid  into  the  gaseous  state. 
This  energy.  El  may  be  expressed  by  the  equation: 


Vv 

El  =  / 
Vl 


a 


dv 


(1) 


where  a  is  the  cohesion  constant  in  the  van  der  Waals  equation,  and  and 
are  the  molar  volumes  of  the  liquid  and  the  vapor.  In  dispersing  the~liquid  to 
the  molecular  stage  of  dispersion,  the  resultant  molecules  of  vapor  will  have 
the  surface  energy  which  can  be  expressed  as  the  free  surface  energy  per 
mole  (Avrogadro  number)  of  spherical  molecules,  i . e . ; 

E2  =  N,  (2) 

where  Y  is  the  free  surface  energy,  in  ergs,  per  unit  surface  of  tbe  liquid, 
d  is  the  molecular  diameter, 

N  is  the  Avogadro  number  (6.06*10^^). 

The  two  energy  expressions,  Ei  and  E2,  are  equal  to  each  other,  since 
they  express  the  energy  involved  in  the  same  process  of  dispersion  or  evapora¬ 
tion  of  the  liquid.  Hence,  setting  Equations  (l)  and  (2)  equal  to  each  other, 
we  get: 
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1  VI  Vv  / 


N. 


(3) 


If  Equation  (3)  is  applied  at  temperatures  that  are  far  from  the  critical 
one  (close  to  the  melting  point),  the  term  l/  y  neglected,  compared  to 

the  l/V]^  term.  We  may  therefore  write  Equation  (3)  as  follows; 


a 

Vl 


=  N 


(h) 


or  /  ■—  " 

^  "y  v^yttn 

Equation  (3)  may  be  used  to  calculate  the  diameter  of  the  molecules.  If  the  con¬ 
stant  a  is  expressed  in  liter-atm  per  mole,  Y  in  ergs  per  sq  cm,  and  V]_  in  liters 
per '•mole,  and  we  bear  in  mind  that  1  liter-atm  equals  10. 132'’ 10°  ergs,*"we  get 
Equation  (6),  a  form  that  is  convenient  for  computation: 

d  =  2.507-10‘®YA^Y  • 

,Table  1  gives  a  series  of  calculated  molecular  diameters,  based  on  the 
values  of  a,  vi>  and  Y  found  in  the  physicochemical  handbooks  [e]. 


TABLE  1 


Substance 

a,  liter^'-atm/mole^ 

Yergs/sq  cm. 

V]s°^10^,  liters/mole 

molecular  d, 
A° 

He 

0.0591 

0.34 

28,47 

4.45  ,  ' 

Ar  . 

.  1.305 

11.5 

28.  i3 

4.63 

H2 

0.245 

2.13  ! 

1  26.73 

4.78 

N2 

1.345 

10.53 

.32.39 

4.58 

O2 

1.360 

.  18.35 

27.39 

3.81 

CI2 

5.34 

33.7 

45.08 

4.53 

H2O 

3.^7  ‘ 

75.0 

18.0 

4.64 

(CH3)2C0 

13.92  ' 

25.4 

73.52 

6.30 

TABLE  2 


Molecular  diameter,  A 

Substance. 

From  the 

From  the  | 

From  the  liquid  volume 

[From  Equation  (6) 

Sutherland 

van  der  Waals 

at  t  and  at  a  packing 

!  and  the  van  der 

gas  velocity 

constant  b 

factor  of  0.74 

i  Waals  constant  a 

He 

1.88 

2.71 

4.00;  271.5* 

I 

I  4.43 

Ar 

2.97 

3.00 

4.04;  189 

4.63 

H2 

2.39 

2.81 

3.995  258 

4.78 

N2 

3.13 

5.18 

4.255  202 

4.58 

O2 

2.96 

3.00 

3.88;  227 

•  3.81 

The  molecular  diameters  calculated  from  Equation  (6)  and  by  other  methods, 
according  to  Gertsfeld  [7],  are  compared  in  Table. 2. 

We  see  from  Table  2  that  the  molecular  diameters  calculated  from  Equation 
(6)  are  closest  to  those  calculated  from  the  liquid  volume,  on  the  assumption  > 


1538 


that  the  liquid  consists  of  close-packed  molecular  spheres,  i.e.,  with  a  packing 
factor  of  0.7^.  The  molecular  diameters  calculated  from  Equation  (6)  are  larger 
than  those  calculated  from  the  equations  of  the  kinetic  theory  of  gases,  since 
in  the  latter  case  the  molecular  diameters  are  determined  from  collisions  be¬ 
tween  molecules.  The  higher  the  kinetic  energy  of  the  molecules,  the  more  will 
the  molecules  be  deformed  at  the  instant  of  impact j  thus,  the  kinetic  diameter 
of  the  molecules  will  be  the  minimum  distance  between  the  centers  of  the  spher¬ 
ical  molecules  at  the  instant  of  impact.  As  Lenard  [e]  has*  shown,  this  dis¬ 
tance  may  be  a  thousand  times  smaller  than  the  actual  molecular  diameter  if Ihe 
kinetic  energy  of  the  colliding  molecules  is  high. 

It  follows  that  the  molecular  diameters  found  from  Equation  (6)  are  in 
agreement  with  the  actual  molecular  diameter,  provided  the  molecules  are  not 
deformed,  but  merely  touch  one  another.  ^ 

SUMMARY 

1.  It  has  been  shown  that  the  molecular  diameters  can  be  calculated  on  the 
assumption  that  molecules  possess  surface  energy  and  by  setting  this  energy 
equal  to  the  free  surface  energy  of  the  liquid,  provided  the  process  of  molec¬ 
ular  evaporation  is  regarded  as  a  process  of  dispersing  the  liquid. 

2.  The  work  required  for  dispersion  is  taken  to  equal  the  energy  consumed 
in  opposing  the  binding  forces  (cohesion). 

3.  The  binding  forces  are  taken  to  equal  the  value  of  internal  pressiJLre 
in  the  van  der  Waals  equation. 

4.  The  molecular  diameters  calculated  by  this  method  are  larger  than  those 
calculated  from  internal  friction  in  gases j  an  explanation  is  supplied  for  this 
discrepancy. 
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THE  POSITION  OP  THE  MAXIMA  ON  THE  OPTICAL  DENSITY  ~  COMPOSITION 


CURVE  WHEN  A  SYSTEM'S  CONCENTRATION  IS 
BY  THE  ADDITION  OP  IONS 

4 

M.  6.  Barvinok 


In  our  first  report  we  discussed  the  position  of  the  maxima  on  the  optical 
density  -  composition  curves  when  a  system's  concentration  is  changed  by  adding 
substances  that  act  as  solvents  in  an  investigation  of  cobalt  halides.  The 
present  report  discusses  the  case  where  lithium  salts  are  employed  as  the  third 
substance.  In  general)  the  composition  of  the  system  under  test;  cobalt  per¬ 
chlorate  .+  a  lithium  halide  +  a  third  substance  +  a  solvent,  may  be  represented 
by,  a  tetrahedron,  the  base  of  which  is  the  triangle:  cobalt  perchlorate  -  lith¬ 
ium  halide  -  third  substance. 

• 

One  of  the  sections  of  this  tetrahedron  may  be  explored  to  find  the  charac¬ 
teristics  of  the  system.  If  the  tetrahedron  is  cut  by  a  plane  parallel  to  its 
base  at  a  point  corresponding  to  a  reagent  concentration  of  O.OO5  mole/liter, 
we  get  a  triangle  whose  vertexes  are  located  O.OO5  mole/liter  of  the  solutions  ’ 
of  cobalt  perchlorate,  lithium  halide,  and  the  third  substance.  We  explored 
three  sections  of  this  triangle,  parallel  to  the  cobalt  perchlorate  -  lithium 
halide  side,  at  the  following  concentrations  of  the  third  substance:  1. 25*10  ® 
mole/liter;  2.5 •10“®  mole/liter,  and  3 *75° 10  ^  mole/liter. 

Lithium  perchlorate  and  lithium  halides  were  utilized  as  the  third  substance. 
The  lithium  halides  used  as  the  third"*  sub  stance  always  had  a  different  anion 
than  the  lithium  halide  located  at  one  of  the  triangle  vertexes  along  the  cobalt 
perchlorate  -  lithium  halide  side. 


The  system  solutions  were  prepared  as  follows.  We  began  by  preparing  the 
following  separate  solutions;  l)  O.OO5  mole/liter  of  cobalt  perchlorate;  2)  ‘ 
0.005  mole/liter  of  lithium  halide;  and  5)  9*^*^  mole/liter  of  the  third  sub¬ 
stance! 


The  concentration  ratios  of  the  components  of  the  cobalt  perchlorate  -  lith¬ 
ium  halide  -  third  substance  system  in  acetone  are  given  in  Tables  1,  2,  and 
while  the  corresponding  ratios  in  ethyl  alcohol  are  given  in  Tables  4  and  5*  We 
also  prepared  the  following  isoconcentrates;  the  lithium  perchlorate  system 
00(0104)2  +  LiOl  +  LIOIO4  +  acetone;  the  lithium  bromide  system  00(0104)2  +  LiOl  + 
+  LiBr  +  acetone;  the  lithium  chloride  system  00(0104)2  +  LiBr  +  LiOl  +  acetone; 
the  lithium  bromide  system  00(0104)2  +  LiOl  +  LiBr  +  ethyl  alcohol;  and  the 
lithium  iodide  system  00(0104)2  +  LiOl  +  Lil  +  ethyl  alcohol.  In  preparing  these 
mixtures,  the  O.OO5  mole/liter  solutions  of  cobalt  perchlorate  and  the, lithium 
halide  were  mixed  together  by  the  method  of  continuous  changes  [1]. 


The  resulting  solution  mixtures  had  various  proportions  of  cobalt  perchlorate 


TABLE  1 


Isoconcentrates  of  Lithium  PerchlorateJ  00(0104)2  +  LlOl  +  Li0104  in 
Acetone^  Overall  Ooncehtration  O.OO5  mole/liter  , 


Solu¬ 

tion 

No, 

[  Solution  composition 

1  ^  at^  (in  mil) 

Ml  of  solutions 
of 

Concentration, 
mole /liter 

600 

625 

650 

V 

675 

700 

LiCl  i 

First 

- n  ^ 

lithium  perchlorate  isoconcentrate  [LiC104]  =  1.25‘10  ' 

^  (2.5  ml  solution) 

1 

6.75 

0.75 

3. 375 “10"^ 

3.75*10“^ 

o.oi5| 

0,023 

O'.  025 

0.031 

0.014 

2 

6.00 

1.50 

3.10‘^ 

7.5*10“^ 

■  0.031 

0.052 

0.058 

0.071 

0.035 

3 

5.25 

2.25 

2. 625 “10"® 

1.125  ■■  10"® 

0.04,6 

0.079 

0.090 

0.113 

Q.O53 

k 

4.50 

3.00 

2. 25 “10"® 

1.5*10“® 

0.063 

0.107 

0.123 

0.154 

0.074 

5 

3.75 

3.75 

1,875* 10"® 

1.875*10"® 

0.081 

0.138 

0.159 

0.201 

0.098 

6 

3.00 

4.50 

1.5*10"® 

2.25*10"® 

0.098 

0.169 

0.194 

0.252 

0.130 

7  • 

2.25 

5.25 

1.125*10"® 

2.625*10"^ 

0.117 

0,173 

0.220 

0.507 

0.199 

8 

1.50 

6.00 

7.5*10'^ 

3.10"® 

■  0.098 

0.096 

0.159 

0.274 

0.292 

9 

0.75  ' 

6.75 

3.75*10’^ 

3.375*10“® 

0.046 

0.071 

0.091 

O..I55 

0.174 

Second 

lithium  perchlorate  Isoconcentrate  [LICIO 

4]  =  2.5*10"® 

(5.0  ml  solution) 

1 

4.50 

0.50 

2.25*10"® 

2.5*10"^ 

0.009 

0,015 

0.017 

0.021 

0.008 

2 

4.00 

1.00 

2.10"®  « 

5.10"“^ 

0.021 

0.035 

0.039 

0.047 

Q.022 

3 

3.50 

1.50 

1.75*10“® 

7.5*10"® 

O..O5I 

0.053 

0.059 

0.076 

Q.O35 

k 

3.00 

2.00 

1.5*10"® 

1.10“® 

0.040 

0.072 

0.082 

0.109 

0.049 

5 

2.50 

2.50 

1.25*10"® 

1.25*10"® 

0.054 

0.096 

0.109 

0.137 

0.065 

6 

2.00 

3.60 

1,10‘® 

1.5*10"® 

0.065 

0.117 

0.135 

0.174 

0.087 

7 

1.50 

3.50 

7.5*10“® 

1.75*10“® 

0.079' 

0.118 

0.149 

0.206 

Q.I3I 

8 

1.00 

4.00 

5.10"^ 

2.10"® 

0.065 

0.059 

0.101 

0.198 

0.189 

9 

0.50 

4.50 

2.5*10"® 

2.25*10"® 

0.033 

0.044 

0.059 

0.102 

0.113 

Third 

lithium  perchlorate  isoconcentrate  [LiClO^]  =  3-75‘‘10  ^  (7*5  ml  solution) 

1  -  •  1 

2.25 

0.25 

1.125*10"® 

1.25*10"^ 

0.007 

0.011 

0.010 

0.012 

0.005 

2  ! 

.  2.00 

0.50 

1.10"® 

2.5*10"^ 

0.013 

0.021 

0.021 

0.027 

0.013 

5'  ■ 

1.75 

0.75 

8.75*10"^ 

3. 75" 10'^ 

0.018 

0.030 

0.031 

0.039 

0.017 

1.50 

1.00 

7.5*10"^ 

5.10"^ 

0.023 

0.042 

0.045 

0.056 

0.027 

5 

1.25 

1.25 

6.25*10"'^ 

6.25*10"^ 

0.029 

0.051 

0,056 

0.071 

0.055 

6 

1.00 

1.50 

5.10"^ 

7.5*10“^ 

0,035 

0.067 

0.065 

0.087 

0.052 

1 

0.75 

1.75 

3.75*10“^ 

8.75*10^ 

0.041 

0.060 

0.076 

0.109 

Q.070 

8  . 

0.50 

2.00 

2.5*10"^ 

1.10"® 

0.056 

0.032 

0.054 

0.093 

0.096 

9 

0.25  ^ 

2.25 

1.25*10“^ 

1.125*10"® 

0.018 

0.021 

0.030 

0.051 

0.053 

and  lithium  halide  with  constant  volume  and  constant  overall  concentration,  equal¬ 
ing  0.005  mole/liter.  The  total  volume  of  the  mixture  of  each  solution  of  the 
isoconcentrates  was  10  ml.  For  the  initial  isoconcentrates,  745  nil  of  a  mixture 
of  the  cobalt  perchlorate  and  lithium  halide  solutions  was  mixed  with  2.5  ml  of 
a  0.005  mole/liter  solution  of  the  third  substance j  for  the  second  isoconcentrates 
5  ml  of  a  0.005  mole/liter  solution  of  the  third  substance  was  mixed  with  5  ml 
of  the  mixed  ’solutions  of  the  cobalt  perchlorate  and  the  lithium  halide j  and  for 
the  third  isoconcentrates  7*5  ml  of  a  O.OO5  mole/liter  solution' of  the  third  sub¬ 
stance  was  mixed  with  2.5  ml  of  the  mixed  cobalt  perchlorate  and  lithium  halide 
solutions.  The  overall  molar  concentration  of  such  a  solution  was  O.OO5  mole/ 
liter.  The  technique  of  preparing  the  solution  is  seen  in  Table  1,  which  lists 
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TABLE  2 


Isoconcentrates  of  Lithium  Bromide;  00(0x04)2  +  LiOl  +  LiBr  in  Acetone; 

Overall  Ooncentration  0,005  mole/liter 


Solution 

No. 

Solution  composition 

T5  at  X  (in  m|j) 

Concentration  (mole/liter) 

00(0104)2  1 

1  LlCl 

660  1  625  J 

L_650-_L  67^_  1  700  1  725. 

First  lithium  bromide  isoconcentrate  [LiBr]  =  1.25‘’10”^  mole/liter 


1 

5.375“10'^ 

3.75“10“^ 

0.124 

0.169 

0.201 

.0.222 

0.098 

0.022 

2 

3.10‘^ 

7.5“10'^ 

0.154 

0.215 

0.254 

0.278 

0.124 

0.027 

3 

2.625 -lO'^ 

1.125“10  ^ 

0.179 

0.250 

0.294 

0.325 

0.147 

0.033 

4 

2. 25- 10"^ 

1.5“10‘® 

0.208 

0.295 

0.350 

0.389 

0.182 

0.043 

5 

1.875 -10“^ 

1.875 »10“® 

0.243 

0.355 

0.403 

0.455 

0.230 

0.058 

6 

1.5-10"® 

2. 25° 10“^ 

0.269 

0.330 

0.422 

0.515 

0.343 

0.107 

7 

1,125 -lO'^ 

2.625 “10“^ 

'0.243 

0.201 

0,325 

0,485 

0.470 

0.165 

8 

7.5”lO'^ 

3.10'® 

0.144 

0.144 

0.223 

0.343 

0.325 

0.087 

9 

3.75"10  ^  ■ 

3.375 "10‘® 

0.065 

0.088 

■0,IL7 

0.184 

0.177 

0.038 

Second  lithium  bromide  isoconcentrate  [LiBr]  =  2.5 ”10"^  mole/liter 


1 

2.25- 10"® 

!  2.5“10"^  ] 

0.210 

1  0.315 

0.376 

0.445 

0.235 

0*065 

2 

2 .  lO'"^ 

1  5..10"^ 

0,253  i 

!  0.346 

0.412 

0.484 

0.273 

0.078 

3 

1.75- 10’^ 

1  7.5° 10’® 

0.246 

0.366 

0.455 

0.520 

0.317 

0.098 

1.5"10"3 

!  lao'® 

0.253 

0.571 

^  0.439  1 

0.565 

0.420 

0.150 

5 

1.25»10"^  , 

.'^i..25-10‘^ 

0.235 

0.505 

0.367 

0.555 

0.580 

0.243 

6 

1.10" 3 

j  1.5-10"'3 

0.202 

0.217 

0.294 

0.448 

0.480 

0.201 

7 

7.5"10'T 

i  1.75"10‘^ 

0.152 

0.143 

0.218 

0.330 

0.331 

0.127 

8 

5.10"^ 

i  2.10"^ 

0.097  1 

1  0.107 

0.147 

0.226 

0.220 

0.069 

9  . 

2.5”10"^  * 

j  2.25^10"^ 

0.043  1 

1  0.050 

0.074 

0.115 

0.111 

0.026 

Third  lithium  bromide  isoconcentrate  [LiBr]  =  5 -75 "10”^  mole/liter 


1 

1, 

125^10“^  1 

1.25 “10'^ 

0.150 

0.315 

0,316 

0.550 

1  0.692 

0.325 

2 

1. 

10 

-3 

2.5»10'^ 

0,115 

0.260 

0.275 

0.470 

0.600 

0.285 

3 

8. 

75 

»10'^' 

3. 75- 10’^ 

0.114 

0.227 

0.245 

0.420 

0.518 

0.250 

4  ' 

7. 

5v 

10"^ 

5.10“^ 

0.109 

0.185 

0.208 

0,346 

0.412 

0.201 

5  • 

6. 

25 

”10’^ 

6.25 -lO''^ 

0.104 

0.152 

0.182 

0.295 

0.336 

0.164 

6 

5. 

10 

-4 

7.5°10“^ 

0.091 

0.118 

0.146 

0.230 

0.250 

0.118 

7 

3. 

75 

»10’^ 

8. 75 “10*^ 

0.076 

0.083 

0.115 

0.175 

0.186 

0.085 

8 

2. 

5“ 

10’^  ' 

1.10"3 

0.054 

0.056 

0.077 

0.121 

0.124 

0.P52 

9  i 

1. 

25 

"10’^ 

1.125 “10'^ 

0.025 

0.026 

0.038 

0.058 

0.058 

0.019 

the  composition  of  the  isoconcentrate  solutions  of  lithium  perchlorate.  The  op¬ 
tical  density  of  the  solutions  was  measured  with  a  Beckmann  photoelectric  spec¬ 
trophotometer. 

Lithiiom  perchlorate  isoconcentrates  of  the  00(0104)2  +  LiCl  +  LiC104  +  acet¬ 
one  system.  The  lithiiim  perchlorate  preparation  used  was  LiC104“3H20,  pre¬ 
pared  as  described  in  the  literature  [2].  The  solutions  were  prepared  as  de¬ 
scribed  above.  The  composition  of  the  solutions  and  their  optical  density  are 
given  in  Table  1. 

As  we  see  in  Table  1,  adding  lithium  perchlorate  to  the  00(0104)2  +  LiOl  + 
acetone  system  affects  neither  the  position  of  the  maxima  on  the  optical  density 
composition  curves  nor  the  nature  of  the  spectral  absorption.  All  we  find  is  a 
decrease  in  optical  density.  The  third  isoconcentrate  solutions  have  lower 


TABLE  3 

Isoconcentrates  of  Lithium  Chloride:  00(0104)2  +  LiBr  +  LiCl  in  Acetone: 
Overall  Concentration:  O.OO5  mole/liter 


„  ^  Solution  coMosition  =  \  ^  \ 

°  ^  Concentration  (mole/liter)  ^  n  m[j, 

No.  •  — — I  ^  ■  7xt  - — 7:^^ — ZTFn — zr^g'~T'~ 


1  LiBr 

First  lithium  chloride  isoconcentrate  [ 

LiCl]  = 

r.25°10  ^  moles/liter 

1 

3.375 "10"^ 

3. 75  “10'^ 

0.107 

0.150 

0.175 

0.189  0.070  0.610 

2 

3.10‘3 

7.5“10"^  - 

0.136 

0.195 

0.226 

0.245  0.098  0.017 

5 

2.625“ 10’^ 

1.125“10‘® 

0.167 

0.238 

0.283 

0.312  0.135  0.027 

4 

2.25 “IQ-^ 

1.5“10”3 

0.206 

0.295 

0.353 

0.395  0.194  0.045 

5 

1.875 “10"^ 

1.875“10'3 

0.240 

0.343 

0.411 

0.472  0.239  0.072 

6 

1.5'10"3  - 

2.25“10‘3- 

0.251 

0.370 

0.430 

0.543  0.390  0.133 

7 

1.125 “10"^ 

.  2.625 “10“3 

0.202 

0.271 

0.353 

0.510  0.580  0.244 

8 

7.5“ 10"^ 

'  3. 10'® 

0.144 

0.164 

0.255 

0.340  0.360  0.150 

9 

3. 75 “10’^ 

3. 375 “10'^ 

0.078 

0.080 

0.120 

0.180  0.182  0.068 

Second  lithium  chloride  isoconcentrate  [LiCl]  =  2,5 "10  ^  mole/liter 

1  2.25«10"®  2.5«10"'^  0.180  0.260  0.305  0,543  0.138  0,025 

2  2.10‘3  5.10"'^  0.210  0.295  0.350  0,398  0.175  0.037 

3  0.75»10'®  7.5“10"^  0.233  0.520  0.385  0.445  0.218  0.053 

4  1.5*10‘3  1..10‘®  0.258  0.327  0.412  0.497  0.298  0.091 

5  1.25»10"3  1.25-10"®  0.261  0.250  0.365  0.512  0.474  0.181 

6  1.10“^  1.5“10“3  0.211  0.181  0.295  0.432  0.425  0.155 

7  7.5"10"®  1.75“10“^  0.154  0.159  0.222  0.335  0,525  0.102 

8  5.10“'^  2.10‘3  0.093  0.097  0.146  0.227  0.218  0.062 

9  2.5»10"^  2.25»10"3  ‘0.040  0.046  0.070  0.107  0.102  0.024 

Third  lithium  chloride  isoconcentrate  [LiCl]  =  3»75‘’10”^  mole/liter 

1  [1.125»10"®  1.25-10"'^  (0.218  0.182  0.315  0.483  0.440  0.102 

2  •  2.5*10"^  0.190  0.174  0.282  0.438  0.410  0.093 

5  8.75»io‘^  3.75"10'^  0.i64  0.163  0.254  0.393  0.372  0.083 

4  7.5°10”^  5.10“^  0.137  0.148  0.220  0.342  0.325  0.075 

5  6.25“10"^  6.25»10'^  0.150  0.132  0.188  0.292  0.280  0.063 

-6  ^  5.10"^  7.5-10"^  0.084  0.107  0.147  0,232  0.225  0.048 

7  ^  5.75°10"‘^  8.75“10"'^  0.064  0.083  O.113  O.177  O.174  O.035 

8  2.5- 10"^  1.10’®  0.043  0.059  0.075  0.123  0.120  0.025 

9  1.25-10’^  1.125->10’^  0.020  0.039  0.037  0.058’  0.058  0.011 

\ 

optical  density  than  the  second,  and  the  second  less  density  than  the  first,  due 
to  the  lower  concentration  of  the  cohalt-chloride  complex  ions.  Hence,  adding 
CIO4  ions  to  00(0104)2  +  Lid, in  acetone  does  not  change  the  composition  of 
the  complex  cobalt -chloride  ion  and  does  not  affect  the  nature  of  its  absorption 
spectrum. 

Lithium  bromide  isoconcentrates  of  the  00(0104)2  +  LiBr  -t-  LiCl  +  acetone 
system.  The  lithium  bromide  preparations  were  gotten  up  as  described  by  us  pre¬ 
viously  [3].  The  solution  compositions  and  optical  densities  are  listed  in  Table 
2.  As  we  see  from  the  table,  adding  iithium  bromide  to  00(0104)2  +  LiCl  +  acet¬ 
one  mixtures  changes  both  the  solutions ’s  absorption  spectra  and  th^  position  of 
their  maxima.  As  we  know  from  the  literature  and  from  our  own  observations,  the 
maximum  absorption  is  shifted  toward  the  longer  wavelengths  in  the  transition 
from  complex  cobalt-chloride  ions  to  cobalt-bromide  ones,  [4]. 


TABLE  4 


Isoconcentrates  of  Lithium  Bromide:  00(0104)2  +  LiOl  +  LiBr  in  Ethyl  Alcohol: 
Overall  Ooncentration:  O.OO5  mole/liter 


Solution 

No. 

Solution  1 

composition 

D 

at  X 

(in  m |j) 

Concentration  (mole /liter) 

LiCl 

5o^ 

656" 

J _ 675 

1 _ 7^ 

n 

725 

First  lithium  bromide  isoconcentrate  [LiBr]  = 

1.25"l0  3  mole/liter 

1  1 

3.375- 10'® 

3.75-10'® 

0.049 

0.053 

0.055 

0.047 

0.012 

2  i 

3.10‘3 

7.5-10'^ 

0.091 

0.104 

0.110 

0.091 

0.024 

3  ' 

2.625“10'3 

1.125'10’3 

0.159 

0.185 

0.196 

0.162 

0.045 

4  ! 

2.25 » 10’^ 

1.5-10"® 

0.244 

0.294 

0.326 

0.268 

0.081 

5  ; 

1,875»10‘3 

1.875-10"® 

0.571 

0.452 

0.506 

0.424 

0.135 

6  1 

1.5-10‘3 

2.25-10’3 

0.496 

0.606 

J  0.688 

0.587 

0.192 

7 

1.125“10’2 

2.625-10"® 

0.589 

0.719 

0.818 

0.747  1 

0,265 

8 

.  7.5-iO"^ 

3.10'® 

0.547 

0.672  • 

0.799 

0.746  j 

0.282 

9 

3. 75- 10'^ 

1  3.375-10'® 

0.587 

0.422 

0.572 

0.542  i 

0.212 

Second  lithium  bromide  isoconcentrate 

[LiBr] 

=  2.5*10  ®  mole/litei; 

1 

2.25* 10’® 

2.5-10"^  ! 

[  0.122 

0.154 

0.162 

0.162 

0.056 

2 

2.10“^ 

5.10'^  * 

'  0.165 

0.213 

0.230 

0.222 

0.079 

3 

1.75-10'® 

7.5-10'®  1 

I  0.221 

0.285 

0.311 

'0.294 

0.106 

4 

1.5'ID"® 

1.10"®  i 

0.283 

0,365 

0.408 

0.371 

0.137 

5 

1.25° 10'® 

1.25-10'® 

0.345 

0.446 

0.504 

0.455 

0.172 

6 

1,10'® 

1.5-10'® 

0.381 

0.489 

0.^67 

0.510 

0.198 

7 

7.5-10'® 

1.75-10'^  ' 

0.390 

0.496 

0.589 

0.537 

0.217 

8 

5.10’^ 

2.10*® 

!  0.338 

0.426 

0.504 

0.471 

0.197 

9 

2.5»10‘^ 

2.25-10:3-  , 

;  0.221 

0:276 

0.332 

0.315 

0.132 

Third  lithium  bromide  Isoconcentrate 

[LiBr]  : 

=  3.75- 

10  ®  mole/liter 

1 

1.125 -10"® 

1.125-10"^ 

0.177 

0.242 

0.260 

0.280 

0.120 

0, 

.022 

2 

1.10"3 

2.5-10"^ 

0.187 

0.260 

0.283 

0.303 

0.130 

0, 

.024 

3 

8. 75 “10“^ 

3. 75 -10’^ 

0.199 

0.278 

0.307 

0.321 

0.138 

0. 

,024  / 

4 

;  7.5-10'^ 

5.10"^ 

0.216 

0.290 

0.321 

0.325 

0.153 

0. 

.027 

5 

!  6.25*10'^ 

6.25-10"^ 

0.207 

0.278 

0.314 

0.314 

0.150 

0. 

,024 

6 

^  5 . 10'^ 

7.5-10'^ 

0.196 

0.260 

0.294 

0.296 

0.143 

Q. 

,022 

7 

■3. 75-10"^ 

75^10"^ 

0.173 

0.252 

0.265 

0.262 

0.125 

0. 

021 

8 

12.5-10'^ 

1.10"3 

0.135 

0.178 

0.207 

0.202 

0.092 

0. 

017 

9. 

|l.25»l0"^ 

1.125- 10"3 

0.078 

0.103 

0.120  i 

0.118 : 

0.056 

0. 

008 

I 


In  the  first  isoconcentrate  the  maxima  are  displaced  toward  a  lower  concen¬ 
tration  of  chlorine  ions  in  the  complex  cobalt  ion.  The  chlorine  ions  are  dis¬ 
placed  by  the  bromine  ions  in  the  complex  ion.  This  displacement  is  not  so 
great  in  the  first  isoconcentrate,  however,  as  to  change  the  nature  of  absorption 
in  the  complex  chlpride  ions,  the  absorption  maximum  lying  at  ^  =  675  niM.,  which 
is  typical  of  complex  cobalt -chloride  ions  in  acetone. 

In  the  second  isoconcentrate,  the  displacement  of  the  chlorine  ions  by  the 
bromine  ions  increases  as  the  concentration  of  the  lithium  bromide  is  raised, 
causing  a  further  shift  of  the  maxima  toward  a  lower  concentration  of  chlorine 
ions  in  the  complex  cobalt  ion  and  changing  the  nature  of  absorption  in  these 
complex  ions.  The  complex  ions  exhibit  an  absorption  maximum  at  X  =  7OO  ni|i, 
which  is  evidence  of  a  high  percentage  of  bromine  ions  in  the  complex  cobalt  ion. 

Further  increase  in  the  concentration  of  the  lithium  bromide  (the  third  iso¬ 
concentrate)  results  in  the -disappearance  of ’ the  maxima  on  the  optical  density  - 
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composition  curves  for  the  00(0104)2  +  LiCl  +  LiBr  +  acetone  system. 

Instead  of  absorption  curves  with  maxima,  we  get  straight  lines,  which  show 
that  the  absorption  of  complex  cobalt  ions  drops  as  the  cobalt-ion  concentra¬ 
tion  is  decreased.  The  chlorine  ions  were  found  to  have  no  effect  upon  the  ab¬ 
sorption  of  solutions  of  the  third  isoconcentrate.  This  is  borne  out  by  the 
nature  of  the  absorption,  with  a  maximum  at  ^  =  "JOO  m|J.,  as  well  as  by  the  dis¬ 
appearance  of  the  maxima  on  the  system's  absorption  curves. 


Lithium,  chloride  isoconcentrates  of  the'  00(0104)2  +  LiBr  +  LiCl  +  acetone 
system.  We  were  also  interested  in  tracing  the  influence  of  chlorine  ions  upon 
the  location  of  the  maxima  on  the  absorption  curves  of  the  00(0164)2  +  LiBr  + 
acetone  system.  The  isoconcentrate  solutions  were  prepared  as  specified  above. 

The  solution  compositions  and  optical  densities  are  listed  in  Table  3"  As  we 
see  in  this  table,  the  phenomenon  taking  place  is  the  same  as  that  shown  in 
Table  2,  the  difference  being  that  here  the  chlorine  ions  displace  the  bromine 
ions  in  the  complex  cobalt  ions,  this  being  reflected  in  the  absorption  of  the 
complex  ions  and  in  the  location  of  the  maxima.  In  the  first  ' isoconcentrate, 
the  maximum  absorption  of  the  complex  cobalt  ions  is  found  to  lie  at  X  =  JOO  m[i, 
owing  to  the  high  bromine-ion  concentration  in  the  complex  ions.  As  the  per¬ 
centage  of  lithium  chloride  is  Increased,  the  absorption  maximum  shifts  toward 
the  shorter  wavelengths,  indicating  a  substantial  displacement  of  the  bromine 
ions  from  the  complex  cobalt  ions  by  the  ions  of  chlorine  (second  isoconcentrate). 
The  displacement  of  the  bromine  ions  from  the  complex  cobalt  ions'  becomes  com¬ 
plete  as  the  concentration  of  the  lithium  chloride  is  raised  still  further 
(third  Isoconcentrate).  In  this  case,  the  maxima  on  the  optical  density  -  com¬ 
position  curves  for  the  60(0104)2  +  LiBr  +  LiCl  +  acetone  system  vanish,  and 
absorption  drops  off  as  the  cobalt-ion  concentration  is  decreased.  The  bromine- 
ion  concentration  has  no  effect  upon  the  absorption  of  complex  cobalt  ions,  if 
we  except  the  barely  perceptible  maximum  at  X  =  6OO  mp,. 


Lithium  bromide  isoconcentrates  in  the  00(0164)2  +  LiCl  +  LiBr  +  ethyl  alco¬ 
hol  system.  To  test  the  influence  of  the  solvent  upon  the  location  of  the  max¬ 
ima  on  the  optical  density  -  composition  curve  as  the  system  concentration  is 
changed  by  adding  halogen  ions,  we  investigated  the  lithium  bromide  isoconcen¬ 
trates  of  the  00(0164)2  +  LiCl  +  LiBr  +  ethyl  alcohol  system.  The  preparation 
of  the  isoconcentrate  solutions  is  seen  in  Table  h,  which  also  lists  the 
pptical  densities.  Examination  of  the  isoconcentrates  indicates  that  the  posi¬ 
tion  of  the  maxima  on  the  optical  density  -  composition  curve  and  the  nature  of 
absorption  in  complex  cobalt  ions  both  change  as  lithium  bromide  is  added  to 
the  00(0164)2  +  LiCl  +  ethyl  alcohol  system,  though  the  changes  are  less  marked 
in  the  ethyl  alcohol  solutions  than  they  are  in  acetone.  As  the  concentration 
of  lithium  bromide  is  increased,  the  maximum  absorption  is  shifted  toward  the 
longer  wavelengths,  owing  to  the  bromine  ions  displacing  the  chlorine  ions  in 
the  complex  cobalt  ions.  The  maximum  on  the  optical  density  -  composition 
curves  for  the  00(0164)2  +  LiCl  +  LiBr  +  ethyl  alcohol  system  is  shifted  toward 
a  lower  chlorine-ion  concentration  in  the  complex  cobalt  ion  as  the  concentra¬ 
tion  of  lithium  bromide  is  raised.  The  extent  of  this  shift  increases  as  we 
pass  from  the  first  isoconcentrate  to  the  third,  though  the  maxima  do  not  van¬ 
ish,  as  was  the  case  with  the  third  lithium  bromide  isoconcentrate  in  the 
00(0164)2  +  LiCl  +  LiBr  +  acetone  system. 


This  indicates  that  all  the  chlorine  atoms  are  not  displaced  by  bromine  ions 
even  in  the  third  lithium  bromide  isoconcentrate  concentrations,  whereas  indie 
third  lithium  bromide  isoconcentrate  of  the  00(0164)2  +  LiCl  +  LiBr  +  acetone 
system,  all  the  chlorine  ions  were  displaced  by  bromine  ions  in  the  complex 
cobalt  ions. 
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Hence,  the  nature  of  the  displacement  of  halogen  ions  from  complex  co¬ 
balt  ions  by  other  halogens  depends  upon  the  nature  of  the  solvent  as  well  as 
upon  the  ratio  of  the  halogen-ion  concentrations  in  the  system. 


TABLE  5 


Isoconcentrates  of  Lithium  Iodide:  00(0104)2  +  LiOl  +  Lil  in  Ethyl  Alcohol: 
Overall  concentration  O.OO5  mole/liter 


Solution 

No. 

Solution  composition 

D-  at  X  (in  m  m) 

Concentration  (mole /liter) 

00(0104)2  Lil 

1  600 

625  1  650  1  675  1  .700 

First  lithium  iodide  isoconcentrate  [Lil]  = 

:  1.25 "10  ®  mole/liter 

1 

3. 575 ^10"^ 

3.75"10‘^ 

0,009 

0.008 

0.009 

0.007 

0.006 

2 

3.10'^  1 

7.5 "10"^ 

0,025 

0.029 

0.030 

0.023 

0.007 

5 

i  2.625" 10"3 

1.25 "10"3 

0.053 

0.060 

0.060 

0.047 

0.016 

4 

2.25“10“3 

1.5“10"® 

0.098 

0.116 

0.124 

0.098 

0.029 

5 

1.875 "10"® 

1.875 “10"® 

0.164 

0.193 

0.213 

0.164 

0.052 

6 

1.5"10"3 

2.25-10"® 

0.250 

0.296 

i  0.331 

0.264 

0.082 

7 

1.125"10‘® 

2.625-10"® 

0.317 

0.386 

i  0.447 

0.373 

0.120 

8 

7.5"10'4 

5.10"® 

0.322 

0.394 

'  0.463 

0,407 

0.138 

9 

3.75 “10“^ 

1  3.375-10"® 

0.232 

0.285 

j  0.340 

0,310 

0.108 

Second  lithium  iodide  Isoconcentrate  [Lil]  = 

2.5-10 

®  mole/liter 

1 

2.25'10"3 

2.5-10"® 

0.014 

0.015 

0.017 

0.013 

0.009 

2 

2.10'3 

5.10"® 

0.025 

0.030 

0.031 

0.027 

0.013 

3 

1.75 “10"^ 

7.5-10"® 

0.047 

0.054 

0.054 

0.048 

0.021 

4 

1.5"10'^ 

1.10"® 

0.073 

0,091 

0.098 

0.076  ^ 

0.031 

5 

1.25 "10'^ 

1.25-10"® 

0.105 

0.131 

0.143 

0.114  ' 

0,044 

6 

1.10'3  1 

1.5-10"®  ; 

0.l40 

0.174 

0,194 

0.156  ! 

0.058 

7 

7.5°io“^ 

;  1.75-10"® 

0.171 

0.211 

0.241 

0.200 

0.072 

8 

5.10"^ 

i  2.10"® 

0.165 

0.205 

0.237 

0.203 

0.074 

9 

2.5"10'^  i 

1  2.25-10"® 

0.112 

0.143 

0.167 

0.147 

0.053 

Third  lithium  iodide  isoconcentrate  [Lll]  =» 

3 *75 “10  ®  mole/iiter 

1 

1  1.125 "10“^ 

1.25-10"® 

0.015 

0.019 

0.020 

0.018 

1  0.013 

2 

1.10'3 

2.5-10^^ 

0.022 

0.027 

0.028 

0.025 

1  0.016 

5 

8. 75 "10"^ 

3.75-10"^  ' 

0,028 

0.034 

0.037 

0.052 

0.018 

4  • 

7.5"lO"^ 

5.10"^ 

0.038 

0.047 

0.050 

0.043 

0.022 

5 

6.25-10’^ 

6.25-10"^ 

0.045 

0.057 

0.061 

0.052 

0.025 

6 

5.10*^ 

7.5-10"^ 

0.047 

0.062 

0.067 

0,056 

0,024 

7 

3. 75 "10"^ 

8.75-10"^ 

0.050 

0.065 

0.071 

0.058 

0.025 

8 

2.5"10"^ 

1.10"® 

0,047 

0.061 

0.068 

0.058 

0.023 

9 

1.25 "10'^ 

1.125-10"® 

0.027 

0.037 

0.043 

0.036 

0.013 

Lithium  iodide  isoconcentrates  in 

the  Co(C104)p  +  LiOl  +  Lil 

+  ethyl  alco- 

hoi  system.  We  also  tried  to  find  oiit  how  the  iodine  ion  affects  the  position 
of  the  maxima  in  the  00(0104)2  +  LiOl  +  ethyl  alcohol  system.  Inasmuch  as  acet¬ 
one  solutions  of  cobalt  iodide  grow  turbid  very  rapidly,  owing  to  the  appearance 
of  a  highly  dispersed  precipitate,  we  confined  oxu*  observations  to  ethyl  alcohol 
solutions. 

The  solution  compositions  and  optical  densities  are  given  in  Table  5* 
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Examination  of  Table  5  indicates  that  adding  lithium  iodide  to  the 
00(0104)2  +  LiOl  +  ethyl  alcohol  system  shifts  the  maxima  of  the  optical  density  - 
composition  absorption  curves,  though  the  shift  is  much  less  than  in  the  lithium 
bromide  isoconcentrates  of  the  00(0104)2  +  LiOl  +  ethyl  alcohol  system.  When  we 
eompare  the  position  of  the  maxima  in  the  lithium  bromide  isoconcentrate  (Table 

4)  with  those  for  the  lithium  iodide  (Table  5),  we  see  that  they  are  shifted 
to  the  left  in  the  first  case,  i.e.,  toward  a  lower  chlorine-ion  concentration 
in  the  complex  cobalt  ion,  whereas  in  the  lithium  iodide  Isoconcentrates  the 
maxima  are  in  the  right-hand  portion  of  the  diagram,  indicating  only  slight 
displacement  of  the  chlorine  .ions  in  the  complex  cobalt  ions  by  the  iodine  ions. 

As  we  see  in  Table  "the  nature  of  absorption  of  cobalt  complex  ions 
of  the  lithium  iodide  isoconcentrate  does  not  change  as  the  concentration  of 
lithium  iodide  is  increased  in  the  00(0164)2  +L101  +  Lll  +  ethyl  alcohol  system.  The 
maximum  absorption  occurs  at  X  =  65O  mtiin  complex  cobalt  ions  oT  the  lithium 
Iodide  Isoconcentrate,  this  figure  being  typical  of  the  absorption  of  complex 
cobalt-chloride  ions  in  ethyl  alcohol.  If  the  chlorine  ions  were  substantially 
displaced  from  the  complex  cobalt  ions  by  iodine  ions,  the  absorption  maximum 
would  be  shifted  toward  the  longer  wavelengths,  which  did  not  take  place. 

Hence,  comparison  of  the  lithium  bromide  Isoconcentrates  of  the 
60(0104)2  +  LiCl  +  LiBr  +  ethyl  alcohol  system  with  the  lithium  iodide  isocon¬ 
centrates  of  the  00(0104)2  +  LiOl  +  Lil  +  ethyl  alcohol  system  (Tables  4  and 

5) “' indicates  that  in  alcoholic  solutions  the  iodine  ion  is  less  able  to  displace 

chlorine  ions  from  complex  cobalt  ions  than  is  the  bromine  ion.  * 

,  ,  .  SUMMARY 

1.  The  position  of  the  maxima  on  the  optical  density  -  composition  cufves 
of  the  systemsj  00(0164)2  +  LiOl  +  LiBr  +  acetone  and  ethyl  alcohol  has  been 
explored  by  varying  the  system  concentration  of  OIO4",  01",  Br",  and  I"  lops. 

2.  The  addition  of  lithium  perchlorate  to  the  00(0164)2  +  LiOl  +  acetone 
system  has  no  effect  upon  the. position  of  the  maxima  on  the  optical  density  - 
composition  curves  or  on  the  nature  of  the  absorption  spectra. 

5.  The  addition  of  lithium  bromide  to  the  00(0164)2  +  LiOl  +  acetone  sys¬ 
tem  produces  a'  shift  of  the  maxima  on  the  optical  density  -  composition  curves, 
the  maxima  disappearing  as  the  concentration  of  lithium  bromide  is  increased. 

The  lithium  bromide  also  changes  the  nature  of  absorption  in  complex  cobalt  - 
halid  ions. 

4.  The  position  of  the  maxima  on  the  optical  density  —  composition  curves 
in  the  00(0164)2  +  LiOl  +  ethyl  alcohol  system  when  lithium  bromide  and  iodide 
are  added  has  been  explored.  The  addition  of  lithium  bromide  and  iodide  cause 
the  maxima  to  shift  but  not  to  disappear  altogether. 

The  bromine  ion  displaces  the  chlorine  ion  from  a  complex  cobalt -chloride 
ion  more  readily  than  does  the  iodine  ion. 
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SPECTROPHOTOMETRIC  INVESTIGATION  OP  THE  MAXIMA  ON  THE  OPTICAL 


DENSITY  ~  COMPOSITION  CURVES  OP  SOLUTIONS  OP  COBALT  HALIDES 

WHEN  THE  system'  CONCENTRATION  IS  CHANGED 

\ 

I 

II.  Cobalt  (II)  -  Bromide  Complexes  in  Ethyl  Alcohol 


M.  S.  Barvinok 


Owing  to  remarkable  properties  of  its  alloys,  cobalt  has. been  widely  util¬ 
ized  in  industry  and  military  engineering  during  the  past  few  years,  making  the 
study  of  the  physicochemical  properties  of  cobalt  compounds  extremely  Important. 
The  solutions  of  halides  of  divalent  cobalt  have  attracted  the  attention  of  re¬ 
search  workers- for  a  long  time,  mainly  because  of  their  ability  to  change  color, 
depending  upon  concentration, [temperature,  and  the  nature  of  the  solvent.  Some 
authors  have  attributed  the  change  in  the  color  of  solutions  of,  cobalt  halide 
with  the  nature  of  the  solvent  when  the  halide  ions  are  present  in  excess,  when 
the  temperature  is  raised,  6r  when  the  concentration  is  increased,  to  an  as¬ 
sumed  ability  of  cobalt  inns  to  form  coordination  compounds  with  halogen  ions, 
the  most  likely  composition  of  which  ls'CoCl4"~  [i]j  others  consider  this  phenom7 
enon  to  be  caused  by  dehydration  of  the  cobalt  ion  [2]. 

We  have  found  complex  cobalt  (ll)  -'chloride  ions  present  in  solutions  of 
cobalt  halides  when  their  color  changed  from  pink  to  blue,  using  for  this  pur¬ 
pose  the  methods  of  physicochemical  analysis.  Investigating  the  system's  optical 
density  [3].  The  maximum  absorption  of  these  complex  ions  is  located  at  var¬ 
ious  regions  of  the  spectrum  in  different  solvents,  however.  This  indicates 
that  the  complex  ions  are  solvated. 

The  change  in  the  color  of  solutions  of  cobalt  halides  is  accompanied  by 
the  formation  of  complex  ions  and  by  solvation. 

The  composition  of  the  coordination  compound  formed  in  the  solution  from 
the  constituents  A  and  B  in  accordance  with  the  equation  mA  +  nB  =  Aj^Bn  will  be 
known  as  soon  as  we  know  m  and  n,  A  being  the  metallic  ion,  say,  while  B  is  any 
molecule  or  simple  or  complex  anion.  The  method  of  continuous  changes  (in  the 
composition  -  property  diagram)  that  we  employed  [4]  enables  us  to_determine  . 
m/n.  The  system  property  we  investigated  was  the  optical  density  D,  which  was 
measured  as  the  difference  between  the  observed  optical  density  of  the  compon¬ 
ents  A  +  B  in  solution  (Dobs.)  and  the  sum  of  the  total  optical  densities  of  the 
individual  components,  Di  +  Dg.  ‘  '  * 

Hence^j  D  =  Dobs.  ~  (Di  +  D2)  • 

If  the  coordination  compound  AmBn  possesses  a  characteristic  color,  the 
optical  density  versus  composition  cirrve  will  possess  a  maximum  or  a  minimum. 

We^  know  from  experiment  that  every  coordination  compound  is  stable  in  solu¬ 
tion  under  certain  physicochemical  conditions.  In  most  cases  its  dissociation 
is  gradual,  as  these  conditions  approach  the  "boundary*  ones.  Within  the  stable 
state  region,  the  absicssa  (the  composition)  of  the  point  in  the  diagram 
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Co(Cl04)!2i,  ml 


TABLE  1 


Optical  Density  of  Alcoholic  Solutions  of  Cobalt  Perchlorate  in  the 
Presence  of  Lithium  Bromide  -  Overall  Concentration  =  O'.  1  m. 


Solution 

composition 


Optical  density  Dobserved  X  .‘intl 


TABLE  2 


I 

Optical  Density  of  Alcoholic  Solutions  of  Cohalt  Perchlorate  in  the  Pres¬ 
ence  of  Lithium  Bromide  -  Overall  Concentration. 0.09  M. 


Solution  composition 

Optical'  densit. 

y*  Dobserved 

\  nil 

D  at 

\  m 

Solution  N( 

_ 

s 

STS 

8 

t* 

eOrH 

ft  a 

ij 

Con  cent 
^mol/li 

Co(Cl04) 

ration, 
ter - 

2  LiBr 

. 

600 

^5 

650 

675 

700 

600 

625 

650 

675 

700 

1 

4.5 

0.5 

0.08l 

0.009‘ 

0.032 

0.033 

0.029 

0.023 

0.015 

0 

0,007 

0,007 

0,008 

0.007 

I 

4.5 

0 

0.081 

0.032 

0.026' 

0,022 

0.015 

0.006 

2 

4.0 

1.0 

0.072 

0.018 

0.045 

0.047 

0.052 

0.042 

0.019 

0.014 

0.022 

0,031 

0.027 

0.012 

II 

4.0 

0 

0.072 

- 

0.031 

0.025 

0.021 

0.014 

0.007 

, 

3 

3.5 

1.5 

0.063 

0.027 

0.071 

0.084 

0.082 

0.084 

0.035 

0.043 

0.062 

0.064 

0.070 

0.028 

III 

3.5 

o’ 

0.063 

■  - 

0.028 

0,022 

0.018 

0.014 

0.007 

k 

3.0 

2.0 

0.054 

0.036 

0.108 

0.131 

0.138 

0.137 

0.052 

0.085 

0.115 

0.125- 

0.130 

0,049 

IV 

3.0 

0 

0.054 

- 

0.025 

0.016 

0.115 

0.007 

0.003 

5 

2.5 

2.5 

0.045 

0.045 

0.165 

0.222 

0.232 

0.243 

0.101 

0.143 

0.207 

0.219 

0.235 

0.096 

-  V 

2.5 

0 

0.045 

- 

O.O2O 

0.015 

0.013 

0.008 

0.005 

6 

2.0 

3.0 

0.036 

0.054 

0.215 

0.329 

0.344. 

0.361 

0.160 

0.199 

0.518 

0.353 

0.357 

0.156 

VI 

2.0 

0 

0.036 

- 

0.016 

0.011 

0.011 

0.004 

0.004 

7 

1.5 

3.5 

0.027 

0.065 

0.265 

0.389 

0.452 

0.46^ 

0.236 

0.253 

0.381  '0.424 

0.457 

0.236 

VII 

1.5 

0 

0.027 

0.012 

0.008 

0.008 

0.008 

0 

8 

1.0 

4.0 

0.018 

0.072 

0.292 

0.439 

0.491 

0.558 

0.308 

0.283 

0.43310.484 

0.531 

0.308 

VlII 

1.0 

0 

0.018 

— 

0.009 

0.006 

0.007 

0.007 

0 

■  9 

0.5 

4.5 

0.009 

0.081 

0.231 

0.361 

0.401 

0.457 

D.280 

0.228 

0.259: 

0.399| 

0.454 

0.280 

IX 

0,5 

0 

0.009 

0.003 

0.002 

0.002 

0.003 

.0 

i 

TABLE  3  Overall  Concentration  0.08  M 


1 

4.5 

0.5 

0.072 

0.008 

o.o4o 

0.032 

0.030 

0.023 

0.013 

10.009 

O.OD9 

CO 

0 

CD 

0.008 

0.003 

I 

4.5 

0 

0.072 

- 

0.031 

0.0231 

0.02^ 

0.015 

O.'OlO 

1 

2 

4.0 

1.0 

0.064 

0.016 

0.047 

0.04l 

0.038 

0.033 

0.015 

0.0i9i 

0.019 

.0.017 

0.019 

0,005 

II 

4.0 

0 

0.064 

- 

0.028 

0.022 

0.021 

0.014 

0.010 

1  • 

3 

3.5 

1.5 

0.056 

0,024 

0.062 

0.058 

0.056 

0.052 

0.021 

0.037 

0.038 

0.038 

0.039 

0.013 

III 

3.5 

0  i 

’0.056 

- 

0.025 

0.020 

0.018 

0.013 

0.008 

J 

4 

5.0] 

I2,0l 

1 0,048 

0.032 

0.088 

0.095 

0.091 

0.088 

0.035 

0.067 

;o.o79 

0.077 

0.078 

0.031  , 

IV 

3.0! 

lo  _ 

0.048 

1 

- 

0,021 

0.016 

0.014 

0.010 

0.004 

1 

5 

2.51 

2.5 

0.040 

0.040 

0.125 

0.143 

0.142 

0.,l4l 

0.058 

jo. 107 

!o.129 

0,134 

0.132 

0.054 

V 

2.5! 

0  ! 

i  0.040 

j 

0.018 

0.014 

0.008 

0.009 

0.0041 

1  i 

! 

6 

2.0 

3.0 

0.032 

0.048 

0.166  ‘ 

0.205 

0.205 

0.211 

0,095 

|0.152i 

I0.194 

0.196 

0.202 

0.095 

vl 

2.0 

0 

0.032 

^  1 

! 

0.014 

0.011 

0.009 

0.009 

0  1 

•  1  1 

7 

1.5 

3.5 

;o.o24 

0,056 

0.215 

0.280 

0.298 

0.318 

0,150| 

i0.203; 

10.273 

0,291 

0.317 

0.150 

VII 

1.5 

°  1 

0.024 

1  1 

0.010 

0.007 

10.007 

0.001 

0  ; 

] 

8 

1.0 

4.0j 

i0.0l6 

|o.o64 

0.225 

0.310 

!o.326 

0.360 

0.190- 

0.219 

0.506 

0,318 

0.359 

0.190 

VllI 

1.0- 

0  ^ 

0.016 

-  , 

0.006 

0.004 

0.008 

0.001 

0 

1 

9 

0.5 

4,5 

0.008 

3.072 

0.178 

0.258 

0.270 

0.304 

0.173 

0,175 

0.256 

0.268 

0.303 

0.173 

IX 

0.5 

0  1 

0.008 

— 

I0.005 

0.002 j 

0.002 

0.  001 

0 
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Solution  No 


TABLE  8 


Optical  Density 
Presence 


Isolutiot  cpmpoBltion 


of  Alcoholic  Solutions  of  Cobalt  Perchlorate  in  the 
of  Lithium  Bromide  -  Overall  Concentration  O.O5  M 


optical  density,  OoKg 


D  at  X,  m  pi 


5  s 

t-lfH 

•a 

o  o 
CO  o 


1  4.5 

1  4.5 

2  4.0 
II  4.0 

5  5.5 
III  5-5 

4  3.0 
IV  3.0 

5  2.5 
V  2.5 


0.008  b.o 


.006 

.005 

L005 

0.015 

0.023 

0.028 

0.043 


■all  C 


114.5  0  0.018  -  0.008 

2|4.0  1.0  0.016  0.,004  0.013 

IIj4.0  0  0.016  »-  0.009 

3  3.5  1.5  0.014  0.006  0.017  0. 

Ill  3-5  0  0.014  -  0.009  0.005  0. 

4,3.0  2.0  0.012  0.008  0.025  0.023 

-r.r1,  rs  ^  _  0.008  0.004 

0.010  0.030  0.034 
0.007  0.003 

0.012  0.038  0.043 
0.005  0.002 

0.006  0.014  0.045  0.057 

0.006  -  0.003  0 

0,004  0.016  0.043  0,057 

0.004.  -.  _  0^.Qp3.0 

1  '  'N.'.'  j.) 

.5  4.5  0,002  0.018  0.028  0.040 

IX  p.5  0  0.002  -  0.003  0 


.007 
.009 
.010  0,033  0= 


rani 


,017 
,024  0. 


0.0251  o.o4o|  0.045!  o.o44j  0.010 


TABLE  10 


Optical  Density  of  Alcoholic  Solutions  of  Cobalt  Perchlorate  in  the  Pres¬ 
ence  of  Lithium  Bromide  -  Overall  Concentration  0.01  M 


d 

Composition  of  solution 

optical  density  g 

it  X,  m  |J. 

U  at 

X,  mu 

Solution  N 

0  r-l 

o« 

rH 

a 

& 

■j 

Compositi 

mol/liter 

Co (fc 104)2' 

on, 

UBr 

600 

625 

650^ 

675 

700 

600 

625 

650 

675 

1 

4.5 

0.5 

0.009  ' 

0.001 

0.007 

0.003 

0.008 

0.002 

0.007 

0.003 

0.008 

0*002 

I 

4.5 

0 

0.009 

- 

0 

0 

0 

0 

2 

4.0 

1.0 

0.008 

0.002 

0.005 

0.002 

0.005 

0 

0.005 

0.002 

0 

0 

d 

0 

II 

4.0 

0 

0.008 

- 

0 

0 

0 

0 

3 

5.5 

1.5 

0.007 

0 

0 

0 

0.005 

0.001 

0.005 

0 

0.005 

0.001 

0.005 

0 

III 

3.5 

0 

0.007 

0 

0 

0 

0 

K 

3.0 

2.0 

0.006 

0.004 

0.010 

0.008 

0.008 

0.007 

p.OlO 

0.008 

0.008 

0.007 

IV 

3.0 

0 

0.006 

- 

0  ■ 

0 

0 

0 

5 

2.5 

2.5 

0.005 

0.005 

0.014 

0.013 

0.015 

0.012 

0.014 

0.015 

0.015 

0.012 

V 

2.5 

0 

0.005 

— 

0  . 

0 

0 

0 

6 

2.0 

3.0 

0.004. 

0.006 

0.013 

0.012 

0.012 

0.011 

iO.013 

0.012 

0.012 

0.011 

VI 

2.0 

0 

0.004 

0 

q 

0 

0 

. 

7 

1.5 

3.5 

0.005 

0.007 

0.018 

0.021 

0.021 

0.023 

0.018 

0.021 

0.021 

0.023 

VII 

1.5  • 

1  0" 

i 

0.003 

- 

0 

0 

0 

0 

8 

1.0 

I4.0 

0.002 

0.008 

0.017 

0.020 

0.019 

0.023 

0.017 

0.020 

0.019 

0.023 

VIII 

ii.o 

0 

0.002 

0 

0 

0 

0 

•• 

i 

9 

0.5 

!4.5'> 

0.001 

0.009 

0.010 

0.012 

0.010 

0.018 

0.010 

0.012 

0.010 

0.018 

IX 

!0.5 

i° 

0.001 

0 

0 

0 

0 

Bef^ore  preparing  the  solutions,  we  recrystallized  the  Co(c104)2“6H20  twice. 
The  lithium  bromide  was  prepared  from  chemically  pure  lithium  carbonate  and  chem¬ 
ically  pure  hydrobromic  acid.  The  solutions  of  lithium  bromide  in  ethyl  chlor¬ 
ide  were  prepared  from  doubly  recrystallized  lithium  bromide,  which  was  first 
desiccated  in  an  exsiccator  and  then  dehydrated  by  heating  to  above  l60“  in  a 
current  of  nitrogen.  .The  ethyl  alcohol  was  dehydrated  as  described  in  the  lit¬ 
erature  [3]  before  the  solutions  were  prepared. 

The  optical  density  was  measured  with  a  Beckmann  quartz  photoelectric  spec¬ 
trophotometer  at  a  temperature  of  20*  +  1* • 

We  explored  ten  different  sections  of  the  Co(ci04)2  ~  LiBr  -  C2H5OH  along 
a  diagonal  plane,,  with  the  following  overall  concentrations:  0.1,  O.O9,  O.O8, 
0.07,  0.06,  0.05,  0.p4,  0.03,  0.02,  and  0.01  mole/liter.  The  solutions  of  each 
series  were  prepared  by  the  method  of  continuous  changes.  They  constituted 
mixtures  of  solutions  of  cobalt  perchlorate  and  lithium  bromide  of  the  same  polar 
concentration,  the  volume  being  kept  constant  at  5  ®1  and  the  molar  concentration 
being  kept  constant  at  a  value  equal  to  the  molar  concentration  of  the  cobalt 
perchlorate  and  lithium  bromide  solutions.  The  technique  of  preparing  the  solu¬ 
tion  in  each  series  is  evident  from  Tables  1-10. 

The  composition  of  the  solutions  and  their  optical  densities  are  listed  in 
Tables  1-10.  The  figure  shows  the  graph  of  D. versus  composition  for  the  various 


solutions  series  at  X  =  675  ni  11 

We  see  from  the  figure  that^  the  op¬ 
tical  density  of  the  solution  decreases 
as  we  pass  from  the  section  with  an 
overall  concentration  of  0.1  mole/liter 
to  the  section  with  overall  concentra¬ 
tion  of  0.01  moie/liter,  owing  to  the 
decreasing  concentration  of  the  com- 
■plex  ions.  The  maxima  on  the  curves  of 
optical  density  ’D  versus  composition 
lie  at  m/n  =  1:4,  where  m  is  the  number 
of  cobalt  ions  in  the  complex  ions,  and 
n  is  the  number  of  bromine  ions  in  the 
complex  ion.  We  had  previously  estab¬ 
lished. that  when  the  ratio  of  cobalt  and 
bromine  ions  is  the  foregoing  one  in  an 
ethyl -alcohol  solution,  the  cobalt- 
bromide  complex  ions  have  the  composi¬ 
tion  of  CoBr4"“. 

The  point  in  the  diagram  that  re¬ 
presents  the  composition  of  the  complex, 
ion  CoBr4  does  not  shift  along  the 
composition  axis  until  the  total  concen¬ 
tration  in  the  00(0104)2  “  LiBr  system 
in  ethyl  alcohol  is  O.O5  mole/liter. 


Oobalt  perchlorate  +  lithium  brom¬ 
ide  +  ethyl  alcohol. 


SectloDS  parallel  to  the  cobalt  perchlorate  - 
lithium  bromide  side  of  the  diagram. 

Ihe  solution  compositions  for  the  curves  1-10 
are  given  in  the  respective  tables. 


At  a  total  concentration  of  O.O5 
mole/liter  and  at  X  =  6OO  m^.,  we  see 
that  the  maximum  is  shifted  toward  a 
lower  percentage  of  bromine  ions  in  the 
complex  ion.  This  shift  in  the  maxi¬ 
mum  is  repeated  at  the  overall  concen¬ 
tration  of  0.02  mole/liter  in  the 
00(0104)2  —  LiBr  -  ethyl  alcohol  system, 

at  .X=  600,  625,  650,  and  675.  ni|j-  At  ■*  ‘ 

a  total  concentration  of  0.01  mole/liter 

in  the  00(0104)2  “  LiBr  -  ethyl  alcohol  system,  the  optical  density  at  X  =  7OO 
m^has  a  value  that  lies  within  the  limits  of  experimental  error.. 

At  X  =  600,  625,  650,  and  675  m  ^  we  see  the  displacement  of  the  maximum 
toward  a  lower  percentage  of  bromine  ions  in  the  complex  ion  repeated.  Hence, 
in  cobalt  (ll)  -  bromide  complexes ^  the  etable-state  region  approaches  the 
"boundary'!  conditions  at  an  overall  concentration  of  0.05  mole/liter  in  the 
05(0104)2  “  LiBr  +  acetone  system.  Beginning  with  this  concentration,  the  ab- 
abscissa  (composition)  of  the  point  representing  the  complex  ion  0oBr4""'  is 
displaced  at  an  overall  concentration  of  0.01  mole/liter  in  cobalt  (ll)— chlor¬ 
ide  coordination  compounds  in  ethyl  alcohol.  This  bears  out  our  earlier  ob¬ 
servation  that  the  stability  of  cobalt  (ll)  —  chloride  coordination  compounds 
in  ethyl  alcohol  is  greater  than  tfiat  of  cobalt  (ll)  -  bromide  coordination 
compounds. " 


SUMMARY 


1.  A  study  has  been  made  of  the  system  €0(0104)2  LiBr  in  ethyl'alcohol  at  X  = 
600,  625,  650,  675^  and  700  m  |j,  at  overall  concentrations  of  0,1  to  0.01  mole/ 
liter. 
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2.  The  stable-state  region  approaches  the  "boundary"  conditions,  where  the 
abscissa  (composition)  of  the  point  representing  the  complex  ion  CoBr4  is 
displaced,  at  an  overall  concentration  of  0.05  mole/liter. 

3.  Comparison  of  the  "boundary"  concentration  for  cobalt -bromide  and  cobalt 
chloride  complex  ions  in  ethyl  alcohol  is  higher  for  the  chlorides  than  for  the 
bromides. 
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THE  VISCOSITY  OP  THE  BINARY  SYSTEMS:  ALCOHOLS  -  DICHLOROETHANE 


Ve  Vo  Udovenko,  R.  P.  Airapetova*  and  R.  I.  Filatova 


The  present  paper  discusses  the  viscosity  of  binary  systems  constituted  by 
aliphatic  alcohols  and  dichloroethane,  the  vapor  pressure  of  which  had  been 
previously  investigated  in  our  laboratory  [i]. 

In  this  research  we  used  the  following  thoroughly  purified  substances;  di- 
chloroethane  -  b.p.  82.0*  (726  mm);  methanol  -  b.p.  65.5°  (730  mm);  ethyl  alco¬ 
hol  “  b.p.  77*5°  (736  mm);  propyl  alcohol  -  b.p.  96.0°  (729  mm);  butyl  alcohol  -b.p. 
115.5°  (722  mm);  and  isoamyl  alcohol  -  b.p.  129.0®  (730  mm). 

We  explored  the  viscosity  and  density  of  the  following ' systems :  methanol  - 
-dichloroethane,  ethyl'  alcohol  -  dichloroethane,  propyl  alcohol  -  dichloroethane, 
butyl  alcohol  —  dichloroethane,  and  isoamyl  alcohol  —  dichloroethane  at  30,  ^0, 

•  50,  and  60*. 

The  results  of  our  measurements  of  the  viscosity  and  density  of  these  sys¬ 
tems  are  given  in  Tables  1,  2,  3^  and  5* 

TABLE  1 


Methanol  -  Dichloroethane 


Molar  ^ 
alcohol 

Viscosity 

Density 

30* 

40* 

50* 

60* 

30° 

40* 

50* 

60° 

100.00 

0.5229 

0.4559 

0.4023 

0.5526 

0.7861 

0.7759 

0.7681 

0.7588 

91.20 

0.5488 

0.4762 

0.4199 

0.3682 

0.8594 

0.8478 

0.8588 

0.8277 

83.93 

0.5617 

0.4852 

0.4255 

0.5754 

0.9107 

0.8997' 

0.8887 

0.8769 

79.82 

0.5696 

0.4915 

0.4323 

0.5766 

0.9375 

0.9265 

0.9147 

0.9035 

69.06 

0.5824 

0.5005 

0.4422  ' 

0.3870 

0.9978 

0.9860 

0.9758 

0.9632 

62.21 

0.5936 

0.5094 

0.4506 

0.3953 

1.0354 

1.0204 

1.0082 

0.9961 

53.7^ 

0.6032 

0.5227 

0.4587 

0.4018 

1.0718 

1.0584 

1.0450 

1.0554 

42.17 

0.6125 

. 0.5518 

0.4709 

0.4177 

1.1175 

1.1050 

1.0913 

1.0774 

23.69 

0.6407 

0.5596 

0.4990 

0.4442 

1.1788 

1.1646 

1.1520 

1.1383 

15.68 

0.6585 

0.5772 

0.5169 

0.4630 

1.2023 

1.1868 

1.1740 

1.1594 

0.00 

0.7256 

0.6383 

0.5724 

0.5116 

1.2405 

1.2264 

1.2124 

1.1974 

viscosity  isotherms  of  the  methanol  -  dichloroethane  system  are  S- shaped. 
Such  a  shape  of  the  viscosity  isotherms  is  evidence  of  Interaction  between  the 
constituents  [2].  '  ~  ^  .  t  ,  LI.:  :  '  . 

In  this  system,  however,  the  interaction  of  the  constituents  is  accomj- 
panied  by  decomposition  of  the  associated  molecules  of  methanol,  as. had  been 
observed  earlier  in  the  curves  of  vapor  pressure  [1]. 


1559 


TABLE  2 


Ethyl  Alcohol  -  Dichloroethane 


Molar  ^ 

Viscosity 

Density 

ale  ohol 

50- 

40“ 

50° 

5o^ 

30“  - 

40“ 

50“ 

60 

100.00 

0.9842 

0.8165 

0.6921 

0.5839 

0.7829 

0.7755 

0.7655 

0.7564 

0.8746 

0.6280 

0.5555 

0.8522 

0.8450 

0.8342 

0.8257 

75.20 

0.7907 

0.6671 

0.5723 

0.4917 

0.9229 

0.9121 

0.8902 

59.89 

0.7251 

0.6178 

0.5360 

0.4651 

0.9996 

0.9877 

0.9752 

0.9656 

47.26 

0.6873 

0.5895 

0.5161 

1.0568 

1.0440 

1.0318 

1.0176 

59.12 

0.6702 

0.5806 

0.5107  ■ 

0.4478 

1.0917 

1.0775 

1.0647 

1.0520 

52.79 

0.5767 

0.5115 

0.4495 

1.1168 

1.1027 

1.0922 

1.0780 

22.95 

0.6654 

0.5787 

0.5120 

0.4552 

1.1565 

1.1420 

1.1285 

1.1143 

12.15 

0.6779 

0.5958 

o;5356  . 

0.4755 

1.1965 

1.1826 

1.1685 

1.1529 

6.40 

0.6954 

0.6126 

0.5529 

0.4954 

1.2175 

1.2021 

1.1890 

1.1755 

0.7256 

0.6383 

0.5724 

0.5116 

1.2405 

1.2264 

1 . 2124 

1.1974 

TABLE  3 


n-Propyl  Alcohol  -  Dichloroethane 


Molar  ' 

Vlsc(; 

)sity 

Density 

ale ohol 

30“ 

40“ 

50“ 

5o^ 

.  ._30“  _ 

40“ 

50“ 

5o^ 

100.00 

1.7680 

1.5858 

1.1280 

0.9154 

0.7964 

0.7892 

0.7818 

0.7727 

85.60 

1.3280 

1.0711 

0.8872 

0.7360 

•0.8724 

0.8619 

0.8535 

0,8456 

67.21 

1.0340. 

0.8514 

0.7210 

0.6115 

0.9462 

0.9351 

0.9243 

0.9123 

55.79 

0,9007 

0.7563 

0,6484 

0.5555 

0.9965 

0.9842 

0.9754 

0.9615 

32.60 

0.7265 

0.6293 

0.5542 

0.4878 

1.1147 

1.1008 

1.0879 

1.0746 

21.63 

0.6888 

0.6167 

0.5488 

0.4833 

1.1455 

1.1515 

1.1168 

1.1033 

11.82 

0.6969 

0.6089 

0.5483 

0.4864 

1.1887 

1.1736 

1.1604 

1.i4'62 

0.00 

0.7256 

0.6583 

0.5724 

0.5116 

1.2405 

1.2264 

1,2124 

1.1974 

TABLE  ^ 


n-Butyl  Alcohol  -  Dichloroethane 


Molar  io 

1  Viscc 

sity 

Density 

alcohol 

30“ 

40“- 

50“ 

60“ 

!  50° 

40“ 

50“ 

100.00 

2.2548 

1.7589 

1.4051 

1,1267 

!  r  .  . 

0.8029 

0.7958 

0.7881 

0.7803 

85.60 

1.7441 

1.5785 

1.1228 

0.9513 

0.8582 

0.8495 

0.8415 

0.8340 

67.68 

1.2716 

1.0360 

0.8711 

0.9288 

0.9184 

0.9104 

0.8925 

56.18 

1,0617 

0,8734 

0.7447 

0.6357 

0.9760  j 

0.9650 

0.9541 

6.9438 

46.83 

0,9418 

0.7892 

0.6791 

0.5838 

1,0160 

0.9914 

0.9815 

31.78 

0.8081 

0.6920 

0.6061 

0.5310 

1,0829  1 

1.0706 

1.0575 

1.0459 

20.52 

0.7449 

0.6427 

0.5710 

0.5040 

1.1545  j 

1,1201 

1.1065 

1.0942 

9.69 

i  0.7121 

0.6205  ' 

0.5584 

0,4978 

1,1908  1 

!  1.1752 

1.1620 

1.1482 

0.00  , 

i  0,7256 

0.6583 

0,5724 

0.5116 

1.2405  ] 

1.2264 

1.2124 

1,1974 

The  viscosity  isotherms  of  the  ethyl  alcohol  -  dichloroethane,  propyl  alco¬ 
hol  —  dichloroethane,  and  butyl  alcohol  —  dichloroethane  systems  all  traverse 
a  minimum  that  is  most  prominent  in  the  ethyl  alcohol  -  dichloroethane  system. 
In  the  propyl  alcohol  —  dichloroethane  system  the  viscosity  minimum  is  less 
pronounced  than  in  the  preceding  system,  while  it  is  even  less  distinct  in  the 
butyl  alcohol  —  dichloroethane  system.  A  similar  state  of  affairs  prevails  in 


TABLE  5 

Isoailiyl  Alcbhol  -  Dichloroethane 


Molar  ^ 

Viscosity 

Density 

alcohol 

30" 

40“ 

50“  4 

60“ 

30“ 

40“ 

50“ 

60“ 

100.00 

5.2671 

2.4292 

1.8674 

1.4516 

d.8o4o 

0.7960 

0.7685 

0.7838 

88.80 

2.5105 

1.9098 

1.5072 

1.1976 

0.8597 

0.8309 

0.8229 

0.8144 

•  80.49 

2.0808 

1.6191 

1.3091 

1.0590 

0.8674 

0.8585 

0.8503 

0.8426 

66.39 

1.5321 

1.2298 

1.0146 

0.8522 

-  0.9180 

0.9089 

0.8983 

0.8916 

57.65 

1.5016 

1.0647 

Q.8917 

0.7481 

0.9519 

0.9419 

0.9315 

0.9203 

43i02 

1.0286 

0.8579 

0.7365 

0.6333 

1.0127 

1.0018 

0.9910 

0.9789 

32.64 

0.9054 

0.7649 

0:6650  , 

0.5866 

1.0612 

1.0485 

1.0369 

1.0242 

22.01 

0.7970 

0 . 6865 

0.6030 

0.5317 

1.1123 

1.1005 

1.0871 

1.0764 

12.72 

0.7450 

0.6478 

0.5786 

0.5142 

1.1635 

1.1515 

1.1366 

1.1256 

0.00 

0.7256 

0.6583 

0.5724 

0.5116 

1.2405 

1.2264 

1.2124 

1.1974 

the  vapor  pressure  diagrams,  the  maximum  being  most  prominent  in  the  methanol  - 
dichloroethane  system  and  least  pronounced  in  the  butyl  alcohol  -  dichloroethane 
system.  As  we  know,  the  minima  on  the  viscosity  isotherms  and  the  maxima  on  the 
vapor-pressure  curves  are  due  to  decomposition  of  the  associated  alcohol  mole¬ 
cules  when  they  are  dissolved  in  dichloroethane. 

Temperature  affects  the  shape  of  the  viscosity  isotherms  greatly,  the  effect 
of  temperature  on  the  shape  of  the  viscosity  isotherms  being  clearly  evident 
from  an  inspection  of  the  respective  diagrams.  As  the  temx)erature  rises,  the 
minima  on  the  viscosity  isotherms  of  the  ethyl  alcohol  -  dichloroethane,  propyl 
alcohol  --  dichloroethane,  and  butyl  alcohol  -  dichloroethane  systems  grow  flat¬ 
ter  and  are  displaced  appreciably  toward  the  alcohol. 

Not  enough  light  has  been  shed  on  the  problem  of  the  displacement  of  -the 
minima  on  the  viscosity  isotherms  with  rising  temperature  in  the  literature  on 
physicochemical  analysis,  V.Ya.  Anosov  and  S. A. Pogodin  [3],  for  example,  be¬ 
lieve  that  as  the  temperature  rises,  the  viscosity  minimum  ought  to  shift  to¬ 
ward  the  low  viscosity  component,  citing  as  an  example  of  this  the  acetone  - 
carbon  disulfide  system  investigated  by  0.  Faust  [4].  N.N. Efremov,  on  the  . 
other  hand,  made  a  study  of  the  nitrobenzene  -  isobutyl  alcohol  system  and 
found  that  "the  position  of  the  viscosity  minimum  does  not  remain  constant,  but 
is  shifted  toward  the  isobutyl  alcohol,  the  high-viscosity  constituent  of  the 
system,  as  the  temperature  is  raised"  [s].  , 

We  know  of  a  few  systems  in  the  literature,  with  minima  on  the  viscosity 
isotherms,  that  have  been  explored  over  a  wide  range  of  temperatures  and  can 
be  utilized  to  decide  the  question  of  the  direction  of  the  shift  of  the  minimum 
on  the  viscosity  isotherms  as  the  temperature  is  raised.  These  systems  indi¬ 
cate  that  we  do  not  possess  enough  experimental  data  at  the  present  time  to 
assert  that  the  minima  on  viscosity  Isotherms  are  shifted  toward  the  low-vis¬ 
cosity  component  as  the  temperature  is  raised.  However,  the  data  in  the  liter¬ 
ature  and  our. own  experimental  findings  enable  us  to  judge  the  direction  in 
which  the  minimum  on  a  viscosity  Isotherm  should  shift  as  the  temperature  is 
raised.  Considering  the  systems  we  have  explored,  as  well  as  the  nitrobenzene  -  • 
isobutyl  alcohol  system  Investigated  by  N.N. Efremov  and  the  acetone  -  carbon 
disulfide  system  investigated  by  0.  Faust,  we  conclude  that  in  all  these  systems 
raising  the  temperature  shifts  the  minimum  toward  the  more  highly  associated 
component,  which  usually  has  the  higher  temperature  coefficient  of  viscosity. 
Comparison  of  the  temperature  coefficients  of  viscosity  of  the  components  of 
the  systems  known  to  us  that  possess  a  viscosity  minimum  fully  bears  out  the 
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correctness  of  this  conclusion.  ^ 

The  viscosity  isotherms  of  the  isoamyl  alcohol  —  dichloroethane  system  are 
convex  toward  the  composition  axis.  The  viscosity  isotherms  of  this  system' have 
no  minimum,  Just  as  its  vapor  pressure  curves  have  no  maximum  [i].  The  absence 
of  a  minimum  on  the  viscosity  isotherms  and  of  a  maximum  on  the  vapor  pressure 
curves  is  evidence  that  isoamyl  alcohol  is  less  associated'  than  the  other  alco¬ 
hols, 

¥e  also  calculated  the  viscosities  of  the  systems  we  Investigated  from  the 
G.M.Panchenkov  formula  [e],  and  found  that  the  calculated  viscosities  were  in 
good  agreement  with  the  experimental  values,  for  the  pure  substances  as  well  as 
for  the  mixtures.  The  mean  deviation  of  the  experimental  viscosity  values  from 
the  computed  ones  does  not  exceed  one  per  cent,  with  the  exception  of  a  few  in¬ 
stances  where  it  exceeds  two  per  cent .  '  ^ 

SUMMARY 

1.  A  study  has  been  made  of  the  viscosity  and  density  of  five  binary  sys-  ' 

terns  formed  by  dichloroethane  with  the  following  alcohols:  methyl,  ethyl,  propyl, 
butyl,  and  isoamyl,  at  '^0,  and  60° . 

2.  The  components  have  been  found  to  Interact  in  the  methanol  -  dichloro¬ 
ethane  system. 

3.  It  has  been  shown  that  the  minimum  on  a  viscosity  lotherm  shifts  toward 
the  component  having  a  higher  temperature  coefficient  of  viscosity  as  the  tem¬ 
perature  is  raised. 
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INVESTIGATION  OP  THE  REACTION  BETWEEN  MALEIC  ANHYDRIDE 
AND  DIPHENYLAMINE  BY  THE  METHODS  OP  PHYSICOCHEMICAL  ANALYSIS 


Fusibility,  Viscosity,  Specific  Gravity,  and  Conductance 


0,  A.  Osipov  and  Yu.  V.  Fedorov 


Very  little  work  has  been  done  up  to  the  present  time  on  studying  systems 
constituted  hy  an  anhydride  and  another  anhydrous  component  by  the  methods  of 
physicochemical  analysis.  Investigations  of  several  properties  of  the  aniline- 
acetic  anhydride  system  has  shown  that  it  is  a  transitional  system  between 
rational  and  irrational  ones,  being  closer  to  the  former  than  the  acetic  acid  - 
aniline  system  [i].  This  impelled  us  to  make  a  study  of  the  reaction  of  an  an¬ 
hydride  with  so  Inactive  an  amine  as  diphenylamine .  The  present  paper  reports 
the  results  of  our  research  on  the  maleic  anhydride  -  diphenylamine  system. 

Substances  and  experimental  procedure.  The  diphenylamine  was  recrystal¬ 
lized  twice  from  ligroin  and  had  a  m.p.  of  53 -S'**  The  maleic  anhydride' was 
distilled  at  201-202°,  and  then  at  reduced  pressure.  The  product  has  a  m.p. 

of  53.5°. 

The  solutions  were  calculated  in  molar  per  cent.  The  temperature  at  which 
the  first  crystals  appeared  on  the  cooling  curve  and  the  temperature  at  which 
the  last  crystals  vanished  on  the  heating  curve  were  determined  visually  in  a 
special  test  tube  that  was  adequately  airtight,  this  latter  property  being 
especially  important  for  solutions  containing  a  high  percentage  of  maleic  an¬ 
hydride.  The  viscosity  was  measured  in  a  viscosimeter  of  the  closed  type.  Tb 
avoid  the  introduction  of  moisture  when  the  liquid  was  drawn  into  the  capillary, 
we  used  a  mercury  seal,  which  produced  rarefaction  [2].  The  specific  gravity 
was  determined  by  means  of  e  7-nil  pycnometer.  The  conductance  of  the  system 
was  measured  by  the  Kohlrausch  method.  The  current  source  was  an  audio-fre¬ 
quency  generator.  We  used  a  drum  bridge,  with  a  wire  5  meters  long,  as  the 
rheocord.  A  cell  with  a  tight-fitting  ground  cover  and  smooth  platinum  elec¬ 
trodes  was  used  for  the  measurements.  The  viscosity,  specific  gravity,  and 
conductance  were  all  measured  in  an  oil  thermostat,  fitted  with  a  mercury 
thermoregulator , that  enabled  the  temperature  to  be  kept  within  +  0.1°  for  long 
periods  of  time. 

Fusibility.  The  results  of  our  measurements  of  the  system’s  fusibility  are 
given  in  Table  1  and  Fig.  1. 

As  we  see  from  these  results  (Table  l),  the  fusibility  curve  has  two  eutect¬ 
ics  and  one  sharp  maximum,  the , first  eutectic  being  located  at  4  mol  ’jo  of  di¬ 
phenylamine  and  49.5°  j  and  the  other  at  87  mol.'jt  of  diphenylamine  and  46.6°.  The 
maximum,  at  113°',  is  located  at  5O  mol.^  of  diphenylamine,  i.e. ,  it  represents 


TABI£  1 


:  i 

■j 


Test  1 
No.  1 

i  Mol.  ^  of  j 
i  (C6H!^)2NH 

1  Melting 
point 

Test 

No. 

Mol.^  of 
(C6Hs)2NH 

Melting 

point 

1 

0.00 

53.5“  1 

I  11 

45 . 00 

107.0° 

2  i 

f  3.97  1 

1  49.5 

12  1 

50.0  j 

113.0 

5 

7.84 

i  61.0 

13  1 

1  55.0 

109.8 

4 

11.18 

70.1 

14  : 

65.00 

:  99.8 

5 

15.48 

79.0 

15 

70.00 

1  92.4 

6 

18.86 

84.2 

16 

80.00 

78. 3^^ 

7 

23.13 

89.0 

17 

i  85.00 

!  58.2 

8 

26.07 

91.9 

18  ' 

i  88.16 

1  46.6 

9 

50.00 

95.0 

19 

1  96.21 

50.7 

10  1 

i  40.00 

103.0 

20  i 

j  100.00 

53.8 

a  compound  with  the  composition  of . C4H2O3 * (C6H5)2NH.  The  latter  fuses  at  a  some 
what  higher  temperature  than  its  separate  constituents.  The  sharp  maximum  on 
the  fusibility  curve  is  evidence  of  the  slight  dissociation  of  the  detected 
compound. 


Viscosity  and  specific  gravity.  In  determining  the  viscosity,  density,  and 
conductance  at  100°,  we  had  to  work  with  supercooled  solutions.  The  data  on 
the  viscosity  as  a  function  of  cjcompos'itlon  at  100°  and  125°  are  given  in  Table 
2  and  Fig.  2.  The  viscosity  isotherms  meet  at  an  acute  angle  at  points  whose 


TABLE  2 


Test 

No. 

Mol.^  of  ' 
(C6H5)2NH 

Density  ) 

Viscosity  (centipoises) 

Temperature  coef¬ 
ficient  of  vis¬ 
cosity,  (y) 

100° 

120° 

100° 

120° 

1 

0.00 

1.2593 

1.2347 

.  1.01 

0.85 

0.009 

2 

20,00 

1.2415 

1.1858 

3. '0.4 

1,88 

0.058 

3 

-40,00 

1.1905 

1.1645 

19.41 

6.84 

0.628 

4 

45.00 

1.1694 

1.1409 

39.19 

8.18 

1.551  ' 

5  ; 

50.00  . 

1.1601 

1.1067 

60.62 

14.57 

2,502 

6 

55.00 

1.1133 

1.0939 

32.52  ‘ 

6.89 

1.282 

7 

60,00 

1.1024 

1,0782 

16.01 

6,55 

0,483 

8 

80.00  i 

1.0731 

1.0527  i 

3.03 

1.82  . 

•  0.061 

9 

j  100.0 

1,0281  ! 

1.0042 

1.59  i 

1  1.13 

0.025 

abscissas  are  those  of  the  resultant  compound.  The  viscosity  drops  steeply  as 
the  temperature  is  raised,  though  the  position  of  the  maximum  along  the  compos¬ 
ition  axis  remains  unchanged.  The  great  divergence  between  the  viscosity  iso¬ 
therms  in  the  region  of  the  equimolar  solution  Indicates  the  high  temperature  ■ 
coefficient  at  'these  concentrations.  The  absolute  temperatiire  coefficient 
curve  (Table  2,  upper  curve  in  Fig.  2)  has  an  even  sharper  maximum  at  50  mol.^ 
of  diphenylamine  than  the  Isotherm  of  the  property  itself.  Hence,  the  nature 
of  both  the  viscosity  isotherm  and  the  temperature  coefficient  curve  is  evid¬ 
ence  of  the  formation  of  an  undissociated  compound  with  the  composition  of 
C4H203‘’ (C6H5)2NH  in  the  system. 

The  behavior  of  the  system's  specific  gravity  is  somewhat  different.  The 
measurement  results  of  this  property  at  100  and  120°  are  given  in  Table  2  and 
Fig.  2.'  The  specific  gravity  curves  are  slightly  concave  toward  .the  composition 
axis,  indicating  comparatively  slight  shrinkage  when  the  constituents  interact. 
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Conductance.  The  results  of  our  con¬ 
ductance  measurements  at  100  and  120°  are 

given  in  Table  5  and  Fig.  3»  The  con-  V.y 

ductance  isotherms  traverse  two  maxima,  ^ 

the  first  maxima  being  located  at  20  mol. 

^  of  diphenylamine j  it  Is  more  pronounced 
at  120°  than  at  100°.  A  distinct,  sharp 
minimum  is  located  at  50  mol.^  of  diphenyl¬ 
amine,  corresponding  to  the  composition  Okf  \ 
the  compound.  The’  second  maximum  lies  at 
55-60  mol.^  of  diphenylamine  and  is  much 
less  pronounced  than  the  first. 

According  to  the  classification  of 
conductance  isotherms  of  binary  liquid 
systems  [3,4 ],  these  isotherms  are  those 
of  rational  systems. 

If  we  eliminate  the  influence  of  vis¬ 
cosity  upon  conductance,  i.e.,  if  we  cal¬ 
culate  the  corrected  conductance  from  the 
simple  formula  n  =  corrected^ 

get  the  results  given  in  Table  3  and  Fig.  4  ,  V,,  \  0  20  00  SO 

(for  120°.  As  we  see,  the  curve  of  cor-  ,  IKiy. 

rected  conductance  passes  through  a  sing-  ,  •  FI  2 

ular  maximum,  corresponding  to  the  equi-  -  ‘  g*  • 

molecular  composition  of  the  constituents. 

The  appearance  of  a  singular  maximum  on  the  curve  of  corrected  conductance  like¬ 
wise  indicates  the  formation  of  an  undissociated  compound  within  the  system. 

The  curve  of  the  relative  temperature  coefficient  as  a  function  of  the  compos-  ' 
itlon  likewise  passes  through  a  singular  maximum,  located  at  50  mol,^  of  diphenyl 
amine . 


30  100 


Test- No. 1 (C6H5)2NH 


20.00 

30.00 

40.00 

45.00 

50.00 

55.00 

60.00 

70.00 

80.00 

100.00 


TABLE  3 


Conductance,  x  *106.  Corrected  conductance.  Temperature 
'  I  h’  10®  Jcoefficient 


42.62 

32.26 

13.36 

10.56 

7.11 

10.20 

10.31 

3.36 

2.14 

0.32 


80.66 

68.51 

39.79 

35.20 

25.17 

28,10 

25.71 

10.38 

4.56 

0.35 


129.73 


i  259.26 
!  4l4.lO 
‘  431.18 
I  331.65 

I  164.80 


!  151.47 

272.15 
I  292.95 
j  348.90 
i  193.57 
1  163.32 


0.931 

0.049 

0.054 

0.056 

0.047 

0.043 

0.036 

0.0033 


Evaluation  of  results.  Our  findings  on  the  viscosity,  fusibility,  and  con 
ductance  indicate  that  the  constituents  of  our  system  interact  chemically  to 
form  an  undissociated  compound  in  the  liquid  phase  with  the  composition  of 
C4H203* (C6H5)2NH,  manifested  as  singular  points  on  the  diagrams  of  the  fore¬ 
going  properties.  -The  results  of  our  calculations  of  the  temperature  coeffi¬ 
cients  of  viscosity  and  conductance,  as  well  as  of  the  corrected  conductance, 
corroborate  our  assumptions. 
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Hence,  the  fusibility,  conductance, 
and  viscosity  curves  indicate  that  the 
maleic  anhydride  -  diphenylamine  system  - 
is  a  rational  one,  while  the  specific 
gravity  isotherm  classes  it  as  an  ir¬ 
rational  one.  It  must  be  remembered, 

however,  that  the  specific  gravity  isotherm  is  not  a  typical  one.  Inasmuch  as  the 
magnitude  of  the  latter  varies  only- slightly,  and  it  is  hard  to  make  out  the  sing¬ 
ular  point. 


SUMMARY 

1.  A  study  has  been  made  of  the  fusibility,,  viscosity,  specific  gravity,  and 
conductance  of  the  maleic  anhydride  -  diphenylamine  system. 

2.  It  has  been  proved  that  a  compound  of  the  composition  C4H2O3" (C6H5)2NH 
is  formed  in  this  system. 

5.  The  temperature  coefficients  of  viscosity  and  conductance  have  been  cal¬ 
culated,  and  the  corrected  conductance  has  been  computed. 

4.  It  has  been  shown  that  the  fusibility,  viscosity,  and  conductance  findings 
all  class  this  system  as  a  rational  one. 
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TRANSFORMATIONS  OP  HYDROCARBONS  WITH  OXIDE  CATALYSTS 
III.*  The  Role  of  Various  Transformations  in  the  Aronatization  of  Paraffin 
And  Olefin  Hydrocarbons  by  Chrome  Catalysts 


R.  D.  Obolentsev  and  Ya.  N.  Usov 


The  aromatizatlon  of  aliphatic  hydrocarbons  with  chrome  catalysts  continues 
to  attract  the  atention  of  numerous  research  workers.  The  published  papers  deal¬ 
ing  with  the  comparative  importance  of  the  various  kinds  of  transformations  cover, 
however,  only  research  into  the  mechanism  of  the  contact  transformation  of  hep¬ 
tane  at  a  vanadium  catalyst,  as  performed  by  Plate  and  Tarasova  [i]. 

The  only  paper  on  the  kinetics  of  the  aromatization  reactions  of  aliphatic 
hydrocarbons  with  chrome  catalysts  is  the  paper  by  Karzhev  and  Sorokin  [2]. 

Interesting  in  conception,  this  research  gives  rise  to  doubt  concerning 
the  experimental  procedure  employed  and  the  working  up  of  the  results  secured. 

With  a  catalyst  bed  25  cm  long,  for  example,  the  temperature  was  measured  at  only 
one  point,  while  no  block  was  used  to  even  out  the  temperature.  The  platinum  - 
platinum-rhodium  thermocouple  employed  by  the  authors  did  not  afford  the  necessary 
precision  of  measurement  of  temperature,  while  the  supply  of  hydrocarbons  from  an 
ordinary  buret  could  not  ensure  the  required  constancy  of  the  rate  of  supply  of 
the  vapor  to  the  reaction  chamber. 

The  waste  heptane  was  not  analyzed  during  aromatization,  though  the  weight 
of  a  liter  of  the  gas  (calculated  by  us  from  their  test  data)  proved  to  be  ap¬ 
proximately  0.7  g,  proving  that  appreciable  cracking  had  occurred.  The  balance 
sheet  shows  no  coke,  though  the  authors  themselves  write-  that  "when  the  pieces 
of  catalyst  were  broken  apart  deposits  of  carbon  particles  were  observed  inside 
them. " 

The  authors  determined  the  kinetic  state  of  affairs  by  comparing  the  con¬ 
stant's  of  action. 

They  assert  that  the  constants  were  calculated  from  the  equation  for  a  mono- 
2.3  a 

molecular  reaction:  K  =  — ^  log  ^ - r  ,  where  "T  is  the  contact  time  in  min- 

ip-  ^  ^  ' 

utes,  (a  -  x)  is  the  percentage  of  the  hydrocarbon  reacted,  and  a  is  the  percent¬ 
age  of  the  initial  hydrocarbon. 

The  discrepancy  of  some  30^  between  the  constants  of  action  for  about  the 
same  contact  times  did  not  entitle  the  authors  to  consider  the  reaction  a  first- 
order  one.  Still,  the  authors^  commenting  that  "this  reaction  must  be  regarded 
as  a  monomolecular  one,"  calculated  the  activation  energy  Eapp.  from  the  Arrhen¬ 
ius  equation,  finding  it  to  be  35^800  cal/mol  for  the  cyclization  of  n-heptane. 

Our  calculations,  based  on  the  authors'  experimental  data,  with  (a  -  x)' 
taken  as  the  percentage  of  the  unreacted  heptane,  as  it  should  be,  and  a  as  100^, 


*  Cf.  J.  Gen.  Qiem.  983  (1946>;  11.  897  (194T). 
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yielded  values  of  the  constants  that  differed  from  those  secured  hy  Karzhev  and 
Sorokin.  The  variation  of  the  logarithms  of  these  constants  with  temperature 
(Fig.  1,  Curve  5)  did  not  follow  Arrhenius' equation. 

We  also  used  the  Karzhev  and  Sorokin  data  on  the  yield  of  aromatics  and  gas 
to  compute  the  apparent  activation  energy  of  the  aromatization  reaction,  E^pp. = 

=  52,^00  cal/molej  for  the  "reaction  of  overall  dehydrogenation"  E^pp.  =  55^200 
cal/mole,  according  to  the  data  of  some  experiments,  and  27,^00  cal/mole,  accord¬ 
ing  to  others  (Fig.  l),  while  the  authors  give  the  apparent  activation  energy  of 
the  cyclization  reaction  as  E^pp.  =  3^,Q00  cal/mole.  This  value  is  secured  for 
the  straight  line  IV  passing  through  the  points  1  and  35  if  the  straight  line  is 

passed  through  the  points  1  and  2,  E^^p.  = 
=  38^000  cal/mole.  The  value  of  E^pp. 
of  the  aromatization  reaction  we  have 
calculated  from  the  Karzhev  and  Sorokin 


data  is  lower  than  the  E 


app. 


for  the 


"overall  dehydrogenation  reaction,"  which 


Fig.-  1.  Variation  of  log  K  and  of  the 
logarithms  of  N,  the  extent  of  con¬ 
version,  with  temperature  in  the  arom¬ 
atization  3,nd'  the  "  overall  dehydrogen¬ 
ation"  of  n-heptane,  according  to  the 
experimental  data  of  Ifeirzhev  and 
Sorokin  [2] 


Fig.  2.  Variation  of  the  mean  reac¬ 
tion  rate  of  the  "overall  dehydro¬ 
genation"  of  n-heptane  with  contact 
time  at  a  temperature  of  480“ . 


contradicts  the  findings  of  Plate  and  Tarasova  and  our  own  (cf  the  experimental 
section  below),  according  to  which  the  apparent  activation  energy  of  the  aromati- 
zation  of  n-heptane  is  much  higher  than  that  for  the  overall  dehydrogenation  re¬ 
action. 

Inspection  of  the  curves  in  Fig.  2  shows  that  the  mean  reaction  rate. of  the 
process  of  overall  dehydrogenation  rises  somewhat  with  increasing  contact  time, 
according  to  the  data  of  Karzhev  and  Sorokin.  If  the  overall  dehydrogenation  were 
described  by  a  first-order  equation,  the  mean  rate  at  which  the  gas  is  formed 
ought  to  decrease  as  the  time  of  contact  rises.  In'  view  of  the  long  contact  times 
employed  in  the  Karzhev  and  Sorokin  'experiments,  it  must  be  assumed  that  the  mean 
rate  of  evolution  of  hydrogen  was  masked  by  the  mean  rate  of  evolution 
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of  the  gaseous  products  of  the  cracking  of  the  heptane. 

The  foregoing  leads  us  to  think  that  the  conclusion  of  Karzhev  and  Sorokin 
that  "the  conversion  of  n-heptane  with  a  chrome  catalyst  at  atmospheric  pressure 
in  the  temperature  range  of  450-500“  is  of  the  first  order ,  kinetically”  is  not 
borne  out  by  their  own  experimental  data,  nor  is  their  value  of  35^800  cal/mole 
for  the  apparent  activation  energy. 

In  passing,  we  might  mention  the  extremely  low  activity  and  the  absence  of 
the  required  selectivity^  in  the  catalyst  employed  by  Karzhev  and  Sorokin. 

We  have  commented  on  the  Karzhev  and  Sorokin  paper  jin  as  much  detail  as 
possible  within  the  framework  of  this  paper,  since  it  is  the  only  published 
paper  on  the  kinetics  of  the  aromatizatlon  of  n-heptane  with  a  chrome  catalyst,, 
being  used  as  a  reference  source  up  to  the  present  time  [1,3]. 

Figure  2  indicates  that  the  Plate  and  Tarasova  vanadium  catalyst  was  much 
more  active,  though  this  catalyst  is  far  from  resembling,  even  as  a  first  approx¬ 
imation,  the  modern  aromatizing  catalysts,  as  is  seen. from  a  comparison  of  the 
Curves  B  and  A  of  Plate  and  Tarasova  and  Obolentsev  and  Usov,  respectively. 

The  effect  of  contact  time  upon  the  mean  rate  of  the  overall  dehydrogena¬ 
tion  reaction  was  plotted  by  Plate  and  Tarasova  in  the  following  coordinates:  ( 

mean  reaction  rate  versus  rate  of  supply  of  the  raw  material,  the  dimension  thus 
being  [sec.”^].  Our  recomputation  of  the  data  cited  by  Plate  and  Tarasova, 
plotted  in  Fig.  2  in  the  usually  adopted  coordinates,  with  the  mean  rate  y  =  , 

where  v  is  the  volumetric  rate  of  flow,  i.e.,  the  dimension  of  w  is  [sec.], 
shows  that  the  results  of  their  experiments  do  not  furnish  an  unequivocal  answer 
to  the  question  of  how  the  aromatizatlon  process  varies  with  the  time  of  contact. 
Though  this  did  not  prevent  the  authors  from  determining  the  activation  energy 
of  the  contact  conversions  of  n-heptane  with  a  vanadiiam  catalyst,  the  problem  of 
the  order  of  aromatizatlon  reactions  with  oxide  catalysts  remained  moot. 

We  might  also  mention  the  paper  by  Pitkethly  and  Steiner  [4]  at  this  point, 
as  they  investigated  the  variation  of  the  concentration  of  the  "aromatic"  and 
of  the  olefins  in  the  catalyzate  of  n-heptane  with  the  time  of  contact.  Un¬ 
fortunately,  the  authors*  paper  does  not  give  the  material'  balance  of  their  ex¬ 
periments,  so  that  we  cannot  determine  the  yield  of  the  "aromatic"  and  of  the 
unsaturated  hydrocarbons  in  terms  of  the ^ initial  heptane.  Figures  3  and  10  re¬ 
produce  curves  from  the  Pitkethly  and  Steiner  paper,  replotted  to  our  scale.  In 
view  of  the  fact  that  the  yield  of  liquid  products  drops  off  with  increasing  ex¬ 
tent  of  transformation  of  the  n-heptane,  015  putting  it  otherwise,  with  an  in¬ 
crease  in  the  contact  time,  it  must  be  remembered  that  substituting  a  "per  cent 
yield"  ordinate  for  a  "per  cent  content*  ordinate  involves  a  certain  change  in 
the  position  of  the  curves. 

Our  curves  closely  resemble  the  curves  plotted  from  the  Pitkethly  and  Steiner 
data  (Fig.  3)*  The  explanation  given  by  Pitkethly  and  Steiner  for  their  alleged 
observation  of  a  constant  heptene  concentration  as  being  due  to  the  rate  at  which 
it  was  formed  from  the  heptane  equaling  the  rate  of  its  conversion  into  toluene 
is  unfounded. 

Heptene  is  a  by-product,  and  not  an  Intermediate  product  of  the  aromatiza- 
tion  of  heptane  with  a  chrome  catalyst  (cf  the  experimental  section  for  details). 

EXPERIMENTAL 

We  used  the  following  substances  as  initial  raw  materials:  n-heptane 5  2,2,4- 
trimethylpentanej  heptene-lj  2-methylhexene-25  and  3-niethylheptene-3i  ve  have  re¬ 
ported  on  their  synthesis  earlier.  The  experimental  procedure  and  the  catalyst 
used  were  likewise  the  same  as  before  [5]. 
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The  chrome  catalyst  we  employed  retained  practically  constant  activity 
throughout  the.  run,  i,e.,  the  quantity  of  gas  evolved  was  directly  proportional 
to  the  length  of  the  run. 

The  waste  gas  produced  during  aromatlzation  was  analyzed  by  means  of  a 
gas  analyzer,  using  the  method  described  by  the  "Khimgaz"  Institute  [e].  The 
analysis  results  are  given  in  Table  1.  The  gaseous  products  of  the  tests  on  the 


TABLE  1 

Composition  of  the  Waste  Gas  in  the  Aromatization  of  Paraffin  and  Olefin 

Hydrocarbons 


Initial 

hydrocarbon 

Tempera¬ 

ture, 

(“O 

Composition  of  the 

(  gas,  ^  by  volume 

H2 

0nH2n+2 

C2H4 

n-C4HQ  +  C3H6 

iso-C4H8 

45 

450 

78.5 

l4.4 

— 

7.1 

— 

‘46 

n-Heptane 

480 

83.9 

11.2 

- 

4.9 

- 

47 

510 

85.9 

,  11.0 

— 

3.0 

— 

52 

53 

Isooctane 

480 

510 

74.5 

56.5 

7.5 

22.2 

0.4 

18.0 

5.0 

15.9 

76 

Heptene-1 

450 

'80.2 

14.8  1 

1.1 

3.6 

0.3 

77 

480 

77.0 

15.4 

1,2 

6.2 

0.2 

fO 

j  510 

74.2 

18.3 

1  1.2  ! 

i  i 

6.1 

0.1 

59 

60 

6l 

2 -Methyl - 
hexene -2 

450 

480 

510 

76.0 

73.8 

67.1 

13.8 

12.7 

20.4 

% 

!  2,2 
j  3.0 

1  2.4  ' 

5.8 

7-3 

6,3 

2.2 

3.2. 

3.8 

aromatization  of  heptane  were  rectified  with  a  Podbielniak tower ,  the  total  hydro¬ 
gen  +  methane  ranging  from  8^1^  to  98^*  In  the  light  of  this  fact,  we  estimated 
the  mean  rate  of  the  "overall  dehydrogenation"  of  heptane,  heptene-1,  and  2- 
methylhexene-2  from  the  volume  of  gas  evolved.  The  justification  for  this  pro¬ 
cedure  has  been  given  in  the  paper  by  Plate  and  Tarasova  [i].  A.t  a  constant 
rate  of  supply  of  the  initial  raw  material  to  the  reactor,  i.e.,  for  a  given 
contact  time,  the  mean  rate  at  which  the  gaseous  products  were  evolved  remained 
practically  constant  in  all  the  tests  run  by  us.  Hence,  no  mattei*' whether  the 
reaction  obeyed  the  equation  for  a  zero-order  or  first-order  reaction,  the  mean 
reaction  rate  can  be  employed,  for  a  constant  time  of  contact,  to  calculate  the 
apparent  activation  energy.  Many  authors  of  papers  on  the  aromatization  of 
hydrocarbons^  have  used  the  mean  reaction  rate  in  computing  the  apjjarent 

activation  energy.  In  order  to  facilitate  comparison  of  our  results,  we  also 
used  the  mean  rate  to  compute  the  apparent  activation  energy,  the  temperature 
coefficient  of  the  aromatization  reaction,  the  formation  of  coke  and  gas,  the 
"overall  dehydrogenation",  and  the  overall  extent  of  conversion  of  the  heptane, 
2,2,4-trimethylpentane,  2-methylhexene-2,  and  heptene  1.  '  .  . 

A.  Effect  of  contact  time  upon  the  conversion  of  n-hgptane  and  2- 
methylhexene-2  with  a  chrome  catalyst 

Curve  A  in  Fig.  2  represents  the  mean  rate  at  which  gaseous  products  are 
evolved  in  the  aromatization  of  heptane  as. a  function  of  the  fictitious  contact 
time  w  .  The  mean  rate  may  be  taken  as  approximately  inversely  proportional  to 
the  contact  time  for  the  intervals  =  l-^j  we  have' plotted  the  analogous,  though 
less  pronounced,  curves  B  and  C  from  the  experimental  data  of  Plate  and  Tarasova 
[i].  Unfortunately,  the  data  cited  by  these  authors  leave  considerable  room  for 
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choice,  so  that  Moldavsky  considered  Plate  and  Tarasova  to  have  proved  the  reac¬ 
tion  to  be  a  zero-order  one,  evidently  on  the  basis  of  the  data  represented  by 
Curve  C.  In  our  opinion,  the  practically  constant  value  of  the  mean  ra,te  at  ‘ 
which  the  gaseous  products  are  evolved  is  due  in  this  case  to  the  fact  that  the 
overall  yield  of  aromatic  and  unsaturated  hydrocarbons  is  given  approximately 
by  a  straight  line  in  the  w  =  1-4  range  in  the  kinetic  graphs  (Figs.  5  and  lO) . 
This  approximation  of  sections  of  the  curve  to  a  straight  line  does  not  justify 
us,  however,  in  classing  aromatization  as  a  zero-order  reaction.  Most  likely, 
because  of  this  Plate  and  Tarasova  [i]  came  to  no  conclusion  regarding  the  ap¬ 
parent  order  of  the  aromatization  reaction. 

Tables  2  and  3  and  Fig.  3  give  the  results  of  our  observations  during  the 
aromatization  of  n-heptane  and  2-methylhexene-2  on  the  variation  of  the  yield 
of  the  aromatic  and  unsaturated  hydrocarbons  with  the  true  contact  time  at  the 
temperature  of  480° .  At  480*  the  transformation  of  heptane  into  toluene  is  ir¬ 
reversible,  the  equilibrium  extent  of  conversion  of  heptane  into  heptene  being 
28^  [5].  Examination  of  Tables  2  and  3  discloses  that  the  extent  of  conversion 
of  heptane  into  aromatic  and  unsaturated  hydrocarbons  is  stabilized  at  about 
15  and  8^,  respectively,  that  is,  it  never  reaches  the  equilibrium  value. 


Fig.  3-  Extent  of  conversion  of  heptane  and  2- 
methylhexene-2  into  aromatic  and  unsatnfated 
hydrocarbons  as  a  function'' of  the  .time  of  con¬ 
tact. 

1  aromatics;  2  -  unsaturated;  3  -  paraffin. 

Figure  4  gives  the  curves  for  the  yields 
of  aromatic,  unsaturated,  and  paraffin  hydro¬ 
carbons,  together  with  the  total  gas  and  coke, 
extrapolated  to  zero  conversion.  Extrapola¬ 
tion  to  zero  has  often  been  used  by  various 
researchers  to  establish  the  primary  reactions 
[e].  Inspection  of  the  straight  lines  at 
zero  conversion  indicates  that  the  reactions 
of  aromatization,  dehydrogenation,  and  hydro¬ 
genation,  and  the  formation  of  coke  and  gas  all 
to  one  another. 


Fig.  4.  Yields  of  aromatic,  ' 
unsaturated,  and  paraffin 
hydrocarbons,  plus  the  total 
gas  and  coke,  extrapolated 
to  zero  conversion  of  n- 
heptane  and  2-methylhexene-2. 

1  -  Aromatic;  2  -  unsaturated; 

3  -  paraffin;  4  coke  and  gas, 

I  -  heptane:  II  -  2-methylhexene  2 


occur  simultaneously  and  parallel 


The  yield  of  aromatic  hydrocarbons  remains  constant,  in  terms  of  the  reacted 
heptane,  up  to  45^  conversion,  whereas  the  yield  of  the  unsaturated  hydrocarbons 
drops  off  somewhat,  about  as  much  as  the  yield  of  coke  and  gas  rises.  It  must 
be  assumed  that  some  of  the  unsaturated  hydrocarbons  are  depolymer i zed,  giving 
rise  to  a  small  quantity  of  gaseous  olefin  hydrocarbons.  Most  of  the  gaseous 
paraffin  hydrocarbons  contained  in  the  waste  gases  consists  of  methane. 

The  amount  of  hydrogen  evolved  greatly  exceeds  the  calculated  amount,  which 
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2,2,4“ Trimethylpentane 
Temperature,  °C  W  =  2 


Heptane 


!pnstart  time,  sec 


Temperature,  °C 


Experimental  data' 


Mols  passed  through  . 

Calculated  quantity  of  Hydro- 
'  gen,  ml. . . . 

Gas  evolved,  ml  at  NTP . . . . . 

inclusive  of  hydrogen, 

.  ml  at  NTP. . . . , 

Ratios:  a.  Hydrogen  evolved; 
Calcd,  amt.  hydrogen  ......... 

b)  Gas  evolved:  calcd.  amt.  of 
hydrogen . . . . 

Per  cait  converted,  based  on 
hydrocarbon  passed  through.... 

Including;  aromatics. . . 

Uhsaturated  hydro“ 
carbons . . . . 

Gas  and  coke . 


D.  0476 


336/350 

434/497 


PerJbent  converted,  based  on 
the  reacted  hydrocarbcui; 

Aromatics  ‘ . . . ; ; :  .••. , 

Unsaturated  hydro¬ 
cartons  . . . 

Gas  md  coke  ....... 

ConcentratiMi  in  the  catal¬ 
yzate,  %  by.  weight; 

Aromatics 

Unsaturateds . . 

Per  cent  hydrogen  by  volume 
in  the  gas . . . 


Heptene- 1 


2-Methylhexene“2 


Hols  passed  through  . 

Calculated  quantity  of  hydro- 

goi,  ml . . 

Gas  evolved,  ml  at  NTP  . 

Inclusive  of  hydrogen, 

ml  at  NTP . ; . 

Rations:  a)  Hydrogen  evolved; 

calcd.  amount  hydrog% . 

b)  Gas  evolved;  calcd. 
amount  hydrogen  ............. 

Per  cent  converted*  based  on 
hydrocartcHi  passed  through  . 

Including:  aromatics  . 

unsaturateds  . . . . 

f  ~  and  coke  ...^ 

Per  c«it  ccmverted,  based  on 
the  reacted  hydrocarbon; 

aromhtics  ........ 

.uhsaturateds  . . . , 
gas  and  coke  . . . . 

Concentration  in  the  catal¬ 
yzate,  %  by  weight; 

aromatics . . 

unsaturateds  .. . 
Per  ,  cent  hydrog«  by  volume  in 
the  gas . . . . 


Data  of  two  parallel  tests 


510 

450 

0.0475 

0.  0475 

1622 

153 

2590- 

146 

2222 

- 

1.37 

, 

1.59  ■ 

0. 96 

71.9 

1^.5 

36.4 

2.0 

1.0 

6.4 

28.5 

7.1 

J 

50.6 

12.9 

9.7 

41^2 

39.7 

454  9 

49.0 

2.0 

10.0 

7.0 

85.9 

we  determined  on  this  basis:  the  formation 'of  one  mole  of  an  aromatic  from  one 
mole  of  a  saturated  hydrocarbon  involves  the  evolution  of  moles  of  hydrogen, 
the  corresponding  figure  being  5  moles  in  the  case  of  an  unsaturated  hydrocarbon; 
1  mole  of  hydrogen  is  liberated  or  absorbed  in  the  formation  of  one  mole  of  un¬ 
saturated  or  saturated  hydrocarbons;  and  lastly,  that  if  demethylation  takes 
place  instead  of  dehydrogenation  of  the  heptane  and  the  isooctane,  the  "calcula¬ 
ted"  quantity  of  hydrogen  does  not  change,  inasmuch  as  the  aggregate  volume  of 
the  methane  plus  the  hydrogen  is  equivalent  to  the  "theoretical  volume"  of  the 
hydrogen.  In  the  aromatization  of  heptane  the  ratio  of  the  volume  of  gas  evolved 
to  the  calculated  quantity  of  hydrogen  rose  from  1.4-9  to  1.57  when  the  contact 
time  was  increased  from  5*3  sec  to  15  sec,  i.e. ,  increasing  the  contact  time  has 
the  same  effect  as  raising  the  temperature  from  450  to  510°  (Table  2),' 

Table  3  and  Figs.  5  and  4  contain  the  data  showing  the  conversion  of  2- 
methylhexene-2  as  a  function  of  the  time  and  percentage  of  conversion.  These 
figures  resemble  those  for  heptane.  2-Methylhexene-2  is  converted  in  parallel 
into  aromatic  and  saturated  hydrocarbons,  as  well  as  into  coke  and  gas.  The 
participation  of  the  unsaturated  hydrocarbons  in  the  format i-on  of  gas  and  coke 
is  shown  more  strikingly  (Curves  II) .  At  first  glance,  the  extent  to  which  the 
conversion  of  2-methylhexene-2  into  aromatic  hydrocarbons  depends  upon  the  time 
of  contact  appears  to  be  the  same  as  in  the  case  of  heptane.  The  conversion  of 
2-methylhexene-2  into  aromatics,  (in  terms  of  the  reacted  initial  hydrocarbon)  is 
somewhat  higher  than  that  of  heptane:  40^  as  against  35^^  l^ut  as  the  extent  of 
conversion  increases,  the  yield  of  aromatics  drops;  the  conversion  into  coke  and 
gas  is  much  higher,  being  53-6?^  as  against  43^  for  heptane,  which  may  be  due  to 
the  partial  conversion  of  the  aromatics  into  cokei  The  formation  of  saturated 
hydrocarbons  is  of  particular  interest,  this  conversion  tending  to  increase  as 
the  contact  time  is  shortened  (Curve  II).  That  is  probably  why  the  cracking  of 
the  newly  formed  paraffin  hydrocarbons,  and  their  conversion  into  aromatics 
parallels  the  aromatization  of  2-methylhexene-2.  The  amount  of  hydrogen  evolved 
in  the  aromatization  of  2-methylhexene-2  is  about  40^  higher  than  the  calculated 
quantity,  i.e, ,  it  confirms  the  observation  we  made  in  the  aromatization  of  hep¬ 
tane  . 

Our  experiments  on  the  aromatization  of  2-methylhexene-2  and  n-heptane  have 
shown  that  the  principal  transformations  that  take  place  simultaneously  in  the 
presence  of  a  chrome  catalyst  at  480°  are  the  formation  of  aromatics  and  of  coke. 
The  side  reactions,  occurring  parallel  to  the  main  ones,  are  the  formation  of 
olefin  hydrocarbons  in  the  case  of  heptane  and  of,  paraffin  hydrocarbons  in  the 
case  of  2-methyl-hexene-2. 

We  get  the  impression  that  there  are  various  types  of  catalyst  surface. 

Then  the  destruction  of  the  portions  of  the  surface  that  are  specific  for  crack¬ 
ing  ought  to  Increase  the  selectivity  of  the  catalyst's  action.  We  know  that 
chrome  catalysts  acquire  high  selectivity  after  several  runs  with  subsequent 
regeneration.  Under  comparable  conditions,  the  aromatization  of  the  same  sub¬ 
stance  with  chrome  catalysts  that  have  about  the  same  surface  but  have  been  pre¬ 
pared  in  different  ways  yields  a  catalyzate  containing  aromatic  and  unsaturated 
hydrocarbons  in  various  proportions,  while  the  gas  consists  of  99^  hydrogen  or 
80^  and  less.  These  well-known  facts  confirm  the  conclusion  that  a  chrome  catal¬ 
yst  has  surfaces  of’ different  kinds,  and  they  make  quite  understandable  the  need 
for  forming  the  surface  by  running  the  catalyst  through  a  cycle  of  operations 
before  it  is  placed  in  continuous  operation. 

B.  Effect  of  temperature  upon  the  conversion  of  n-heptane,  heptene-1, 

2-methylhexene-2,  and  2,2,4-trimethylpentane  with  a  chrome  catalyst 

The  experiments  on  the  aromatization  of  n-heptane,  heptene-1,  2-methyihex- 
ene-2,  and  2,2,4-trlmethylpentane  were  run  at  450  and  510*,  the  volumetric  rate 


1573 


of  flow  of  the  raw  material  into  the  reactor  being  kept  constant  at  O.5,  i.e. , 
the  contact  time  was  not  strictly  constant  owing  to  the  different  percentage 
conversion.  But,  as  we  have  indicated  above,  at  a  given  constant  temperature 


this  circumstance  ought  not  to  affect  the 
very  much  (Fig.  5) •  The  results  of  these 
in  Figs.  5^  6,  7;  and  8. 


Fig.  5.  Conversion  of  2-methylhex- 
ene-2  with  a  chrome  catalyst. 

1  -  Aromatics;  2  -  paraffins  3  -  total  coke 
and  gas.  Solid  lines  -  2-methylhexene-2 
passed  through;  broken  lines  -  reacted  2* 
methylhexene-2. 


proportions  of  the  resultant  products 
tests  are  given  in  Tables  2  and  5  and 


Fig.  6,.  Conversion  of  n-heptane  with 
a  chrome  catalyst. 

1  -  Aromatics;  2  7  paraffins,  3  -  total  coke 
And  gas.  Solid  lines  -  n-heptane  passed  through; 
broken  lines  -  reacted  n^eptane. 


Fig.  7*  Conversion  of  isooctane 
with  a  chrome  catalyst. 

1  -  Aromatics;  2  -  paraffins;  3  -  total 
coke  and  gas,  Solid  lines  -  isooctane  passed 
broken  lines  -  reacted  isooctane. 


xur~,  C 

Fig.  8.  Conversion  of  heptene-1 
with  a  chrome  catalyst. 

1  -  Aromatics;  2  -  paraffins;  3  -  total 
coke  and  gas;  solid  lines  -  heptene-1 
passed  through;  broken  lines  -  reacted 
heptene-1. 


The.  perdent  conversion  of  heptane  into  coke  and  gas  drops  6^  as  the  temper- 

ature  Is  raised  from  1^50  to  510*,  the  hydrogen - - 

•computed'  amount  of  hydrogen 

rising  from  1.22  to  about  1.4. 


Similar  behavior  was  found  to  prevail  in  the  aromatization  of  heptene-1  and 
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2-methylhexene-2.  In  the  case  of  2,2,4-trimethylpentane,  the  per  cent  conversion 
into  coke  and  gas  rose  somewhat.  The  increase  in  the  ratio  of  the  evolved  hydiro- 
gen  to  the  computed  quantity  was  about  15^  for  heptane,  and  about  55^  for  heptene- 
1  and  2-methylhexene-2.  Raising  the  temperature  from  to  ^10°  approximately 
doubled  the  per  cent  conversion  into .coke  and  gas  for  heptene-1  and  2-methylhex- 
ene-2,  and  approximately  tripled  it  for  n-heptane  and  2,2,4-trimethylpentane,  al¬ 
though  the  yield  of  coke  and  gas  was  higher  in  absolute  terms  for  the  heptenes  at 
equal  temperatures. 

We  know  that,  in  contrast  to  the  equilibrium  percentage  of  conversion,  the 
practical  completeness  of  a  reaction  increases  with  rising  temperatures  both  for 
endothermic  and  for  exothermic  reactions.  Only  two  kinds  of  reactions  can  par¬ 
ticipate  in  the  formation  of  coke:  l)  cracking  -  alkylation^  and  2)  dehydrogen¬ 
ation  -  hydrogenation,  i.e.,  endothermic  as  well  as  exothermic  reactions.  In  the 
aromatization  of  heptenes,  the  temperature  coefficients  of  the  reaction  rate  of 
coke  and  gas  formation  are  lower  than  for  heptane  and  isooctane  (Table  4).  We 


TABLE  k 

Apparent  energy  of  activation  Eapp.  and  the  temperature  coefficients  of 
the  reaction  rate  (Kt)  at  temperature  Intervals  of  45O-51O® . 


Process 

Initial  hydrocarbons 

Heptane 

2,2,4Uri- 

methylpentane 

2 -Me thy 1- 
hexene-2 

Heptene-1 

Eapp^  of  the  aromatization 

reaction  .  i 

.  41200 

38200 

19700 

..22500^ 

Kt  of  same  . 

1.48 

1.44 

1.21 

1.24 

Eapp  of  the  process  involved 
in  the  formation  of  coke 
and  gas . . 

20000^ 

24400 

14000 

13000^ 

Kt  of  same  . 

1.21 

1.26 

l.l4 

1.13 

Eapp.  of  the  overall  conver¬ 
sion  of  the  initial  hydro¬ 
carbon  . 

23800^  ' 

22500 

16900 

Kt  of  same  . . 

1.26 

1.24 

1.18 

?  5 

Eapp.  of  the  overall  hydro¬ 
genation  reaction  . 

39800 

39800 

27006 

i 

29700 

Kt  of  same  . . . . . 

1.42 

1.42 

1.29 

1.3 

Note:  Ite  extreme  values  of  the  activation  energy  were;  1>’  1  21-7  -  25.1;  2)  12.5  -  13. fl;  3)  17.3  -  20.4; 
4)  21.8  -  24.8;  5)  Ihe-  log  of  the  overall  per  cent  conversion  is  not  a  linear  function  of,  1/T. 


attribute  this  preponderance  in  the  formation  of  coke  to  reactions  of  the  first 
type,  which  result  in  the  formation  of  high-polymer  polyepe  hydrocarbons.  The 
Increase  in  the  evolution  of  excess  hydrogen  over  the  "calculated"  figure  does 
not  contradict  the  preponderance  of  alkylation  reactions,  inasmuch  as  the  de¬ 
hydrogenation  reaction  rate  increases  as  the  temperature  rises.  The  temperature 
coefficients  of  the  reaction  rates  for  the  reactions  involved  in  the  formation  of 
coke  and  gas  are  somewhat  lower  than  the  corresponding  temperature  coefficients 
for  the  reaction  rates  of  aromatization  (Table  4) .  The  curves  that  represent  the 
variation  of  the  percent  conversion  of  _n-heptane  and  isooctane  into  linsatur- 
ated  hydrocarbons  with  temperature  all  pass  through  maxima,  though  the  latter  are 
not  very  prominent,  to  be  sure.  The  passage  through  a  maximum'  when  plotted  on 
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the  coordinates:  per  cent  conversion  versus  temperature  should  he  due  to  the  con¬ 
secutive  formation  of  olefin  hydrocarbons,  according  to  Plate  and  Tarasova  [i]. 

We  demonstrated  above  that  the  variation  of  the  per  cent  conversion  of  n-heptane 
and  2-methylhexene-2  with  time  indicates  the  parallel  formation  of  aromatic,  un¬ 
saturated,,  and  paraffin  hydrocarbons,  in  addition  to  coke.  We  therefore  believe  • 
that  the  passage  of  the  curves  of  olefin  hydrocarbons  through  maxima  in  Figs. 

6'  and  7  is  due  to  the  comparatively  low  temperature  coefficient  of  the  reaction 
involved  in  their  formation  as  well  as  to  the  conversion  of  the  olefin  hydrocarb¬ 
ons  into  coke  and  gas. 

The  curves  in  Fig.  6  that  show  the  conversion  of  n-heptane  into  "aromatics" 
coke,  and  gas  with  a  chrome  catalyst  are  like  the  analogous  curves  in  the  paper 
by  Plate  and  Tarasova  [i],  whereas  the  curves  for  the  conversion  of  n-heptane 
into  unsaturated  hydrocarbons  are  quite  different. 

Our  results  indicate  that  there  is 'not  much  difference  between  the  types  of 
conversion  undergone  by  unsaturated  hydrocarbons  (heptene-1  and  2-methylhexene-2) . 
As  the  temperature  rises,  the  per  cent  converted  into  aromatic  hydrocarbons  drops, 
while  the  per  cent  converted  into  coke  and  gas  Increases.  The  overall  per  cent 
conversion  rites  with  rising  temperature,  the  curve  that  represents  the  conversion 
of  the  olefins  into  paraffin  hydrocarbons  passing  through  a  maximum  like  that  on 
the  curve  for  the  olefin  hydrocarbons  in  the  experiments  on  the  aromatlzatlon  of 
heptane.  This  passage  through  a  maximum  is  due  to  secondary  reactions  involved 
in  the  conversion  of  the  paraffin  hydrocarbons.  To  Judge  by  Fig.  4,  the  paraf¬ 
fin  hydrocarbons  are  converted  into  aromatics,  coke,  and  gas. 

It  follows  from  the  foregoing  that  the  per  cent  conversion  into  coke  is  40- 
60^  for  the  olefin  and  paraffin  hydrocarbons  we  have  investigated  in  the  tempera¬ 
ture  range  of  450-510“,  with  a  chrome  catalyst,  and  at  a  constant  volumetric  rate 
of  flow  V  =  0.5.  For  the  unsatiorated  hydrocarbons  the  per  cent  conversion  into 
aromatics  is  40-55^>  while  it  ranges  from  10  to  50^,  depending  upon  the  struc¬ 
ture,  for  the  paraffin  hydrocarbons. 

It  sho[Uld  be  said  at  this  point  that  highly  branched  paraffin  hydrocarbons 
are  cracked  much  more  readily  than  the  isomeric  paraffins  of  normal  structure; 
the  yield  of  coke  and  gas,  in  terms  of  the  converted  initial  hydrocarbon,  rises 
with  rising  temperatiire  in  the  aromatization  of  isooctane,  whereas  it  falls  in 
the  aromatization  of  heptane  (Figs.  6  and  7)* 

•  ’  ,  EVALUATION  OF  RESULTS 

The  variation  of  the  per  cent  conversion  of  n-heptane  and  2-methylhexene-2 
is  in  good  agreement  [12]  with  the  equation  proposed  by  Burlakov  and  Kazeev  [13]: 


(1) 


where  M  is  the  per  cent  conversion;  D  is  the  maximum  per  cent  conversion;  x  is 
the  time  of  contact;  a  and  b  are  the  equation  parameters,  a  being  a  constant 
characterizing  the  magnitude  of  the  reaction  rate,  and  b  characterizing  the  type 
of  reaction  and,  together  with  the  exponential,  determining  the  process  rate. 


From  the  data  in  Table  2  we  have  calculated  that  the  conversion  of  heptane 
into  an  aromatic  at  480“  is  described  by  the  equation: 


In  ^  =  0.097  “X  (2) 

whereas  the  conversion  of  2-methylhexene-2  into  an  aromatic  (as  given  by  the  data 
in  Table  3)  is  described  by  the  equation: 
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In 


35  -  M 


0.303 


(3) 


Figure  10  gives  the  "theoretical  curves”  plotted  from  Equations  (2)  and  (3)*'  The 
experimental  points  are  in  good  conformity  with  the  computed  curves. 


Examination  of  Fig.  10  and  Equations  (2) 
and  (3)  indicates  that  the  maximum  conversion 
of  the  paraffin  hydrocarbon  (heptane)  at  the 
given  temperature  is  half  the  maximum  conver¬ 
sion  of  the  olefin-  hydrocarbon  (2-methylhexene- 
2) .  The  heptane  and  2-methylhexene-2  curves 
diverge  greatly  at  short  contact  times  (up 
to  4-5  seconds).  The  shape  of  the  heptane 
curve  indicates  that  the  reaction  in  which 
the  "aromatics"  are  formed  is  preceded  by  an 
induction  period.  This  conclusion  is  corrob¬ 
orated  by  the  value  of  b  =  1.20,  i.e.,  b  >  1, 
which  is  typical  of  reactions  having  an  in-  , 
duction  period  [13].  It  will  be  remembered 
that  Hugh,  on  the  basis  of  general  (in  our 
opinion  wrong)  considerations  concerning  the 
consecutiveness  of  the  aromatization  of  paraf¬ 
fin  hydrocarbons,  asserted  in  the  discussion 
of  the  Pitkethly  and  Steiner  report  [4]  that 
the  equation: 


d[Ar  ] 
dx 


0, 


(4) 


Fig.  9-  Equation  anamorphoses. 

2,  3  -  Tlie  present  researdi;  4 
4  -  PitketJily  and  Steiner. 


where  [Ar]  is  the  aromatic  concentration,  and 

T  is  the  contact  time,  must  hold  good  in  the  region  of  extremely  brief  contact 
times. 


Inspection  of  Equations  (2)  and  (4)  indicates  the  erroneous  nature  of  this 
conclusion,  since  the  aromatic  concentration  continues  to  rise  even  in  the  region 
of  short  contact  times,  even  though  it  is  retarded. 

The  parameter  a  for  the  aromatization 


Fig.  10.  Curves  of  the  conversion  of  heptane 
and  2-methylhexene-2  as  functions  of  time, 
plotted  from  Equations  (2)  and  (3). 

1  -  Aromatics:  2  -  unsaturated  hydrocarbons. 

I 


of  heptane  is  one  third  the.  size  of 

the  same  parameter  for  the  aro- 
matization  of  2-methylhexene-2, 

-  i.e.,  rate  of  aromatization  of 

the  olefin  hydrocarbon  C7-Hi4 
is  much  higher  than  that  of 
heptane,  CyHie*  The  aromatiza¬ 
tion  of  2-methylhexene-2  re-  , 
quires  no  Inducticu  period  and 
has  a  parameter  b  =  O.54,  which 
is  close  to  the  typical  b  =  O.53 
for  bimolecular  reactions  [13]. 


Many  authors  [i,9,ii]  cite 
the  passage  in  the  paper  by 
Pitkethly  and  Steiner  in  which 
the  American  authors  state  that 


the  practical  constancy  of  the  CrHi4:C7Hi6  ration  at  0.12  to  O.17  is  allegedly 
due  to  the  conversion  of  heptene  into  an  "aromatic''  at  a  rate  equaling  the  rate  of 
its  formation  from  heptane. 

1 

We  have  used  the  experimental  data  cited  by  Pitkethly  and  Steiner  to  plot  the 
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•anamorphoses  IV,  IVa,  and  IVb  shown  in  Fig.  9- 

It' is  quite  obvious  that  neither  Pitkethly  and  Steiner  nor  the  subsequent 
research  workers  who  have  cited  them  drew  the  correct  conclusions ^from  the  ex¬ 
perimental  findings.  In  various  tests  (numbered  1-7  in  our  list),  the  Pitkethly 
and  Steiner  catalysts  did  not  possess  constant  activity;  to  be  more  precise,  the 
tests  fall  into  3  groups,  depending  upon  the  value  of  a:  I  -  Tests  No.  4,7j 
II  -  Tests  No.  1,  3)  6;  and  III  -  Tests  No.  2,  5.  Naturally,  the  type  of  reac¬ 
tion  cannot  vary,  depending  upon  the  , higher  or  lower  activity  of  a  catalyst;  ac¬ 
cordingly,  the  straight  lines  on  which  the  experimental  points  of  these  three 
groups  lie  are  parallel  to  one  another;  we  have  calculated:  l)  b  =  1.42,  a  = 

=  0,04l2;  2)  b  =  1.415,  a  =  O.O538;  and  3)  b  =  I.38,  a  =  O.O281T  For  the  sake 
of  comparison  we  plotted  the  anamorphosis  II  from  our  own  experimental  data 
(Equation  (2)].  Comparison  of  the  anamorphoses  indicates  that  the  aromatization 
reaction  is  of  the  same  type  in  Pitkethly  and  Steiner  and  in  our  tests,  but  that 
the  catalyst  we  employed  was  more  active.  The  curve  plotted  from  the  equation: 

In  20^^  =  0.0338  -T  1-41  .  (k) 


is  reproduced  in  Fig.  10  (anamorphose  IV,  Fig.  9)*  The  experimental  points  1, 

3,  and  6  lie  beautifully  in  the  calculated  curve.  Points  2,  4,  5;  and  7  are  some¬ 
what  off,  owing  to  the  defect  in  the  Pitkethly  and  Steiner  experiments  referred 
to  above.  • 

According  to  our  calculation  of  the  Pitkethly  and  Steiner  experimental  data 
the  conversion  of  heptane  into  olefins  is  governed  by  the  following  equation: 

In  =  0-290  (5) 

The  dotted  line  in  Fig.  10  has  been  plotted  from  this  equation. 


Tn  ^  a.-,  concentration  of  unsaturated  hydrocarbons  . 

Examination  of  the  ratio  - 7 — tz - 3 - TZ — - r -  indicates 


concentration  of 
that  it  drops  from  4  to  O.71  within  the  contact 
Hence,  there  can  be  no  question  of  any  con¬ 
stancy  of  the  heptane  concentration,  such 
as  was  allegedly  observed  by  Pitkethly  and 
Steiner.  To  judge  by  the  results  of  our 


aromatic  hydrocarbons 
time  1  to  15  seconds  (Fig.  ll) . 


S  fo 

Pig. 11.  I  Concentration  ratio  of  the  unsaturated 
to  aromatic  hydrocarbons  in  the  aromatizate  of 
n-heptane  (Pitkethly  and  Steiner^ 

II:  Percent  conversion  of  C7H16 

into  unsaturated  hydrocarbons _  (present 


Percent  conversion  of  C7H10 
into  aromatic  hydrocarbons 


research) 


Fig,  12.  Variation  of  the  loga¬ 
rithm  of  per  cent  conversion  iinto 
tics  with  temperature,  at  U)  = 

=  constant. 

1  -  Heptane;  2  -  isooctane;  3  -  2-methyl- 
hexene-2;  4  -  heptene-1 
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experiments,  the  ratio  of  the  per  cent  conversion  of  heptane  into  unsaturated 
hydrocarbons  to  its  per  cent  conversion  into  aromatic  ones  is  practically  con¬ 
stant  at  0.7  within  the  contact  time  range  of  1  to  7  seconds,  dropping  to  O.55 
as  the  contact  time  is  lengthened  to  13  seconds  (Fig.  ll) . 

We  plotted  curves  showing  the  variation  of  the  logarithms  of  per  cent  con¬ 
version  into  aromatics,  coke,  and  gas  with  i/t  for  heptane,  2-methylhexene-2, 
and  heptene,  as  well  as  for  the  overall  per  cent  conversion  (Figs.  12,  I3,  and 
l4),  using  the  data  tabulated  in  Tables  2  and  5>  The  corresponding  values  of 
the  apparent  activation  energy  and  the  temperature  coefficients  of  the  reaction 
rates  are  listed  in  Table  4.  We  found  that  the  apparent  activation  energies* 
of  the  reactions  involved  in  the  aromatization  of  heptane  and  isooctane  are 
about  twice  as  high  as  that  of  the  overall  conversion  process,,  which  is  close 
to  the  apparent  activation  energy. of  the  process  involved  in  the  formation  of 
coke  and  gas.  The  absolute  value  of  the  apparent  activation  energy  computed 
by  us  for  the  aromatization  of  heptane  with  a  chrome  catalyst  is  much  lower 


Fig.  13.  Variation  of  the  logarithm 
of  per  cent  conversion  into  total 
gas  and  coke  with  temperature,  at 
w  =  constant. 

1  -  Heptane;  2  -  isooctane;  3  -  2-methylhexene-2; 
4  -  heptene- 1. 


•  .0 


Fig.  l4.  Variation  of  the  logarithm 
of  overall  per  cent  conversion  with 
temperature,  at  «  =  constant. 

1  -  Heptane;  2  -  isooctane;  3  -  2-methylhex- 
ene-2;  4  -  heptene-1. 


than  that  calculated  by  Plate  and  Tarasova  for  its  aromatization  with  a  vanadium 
catalyst  (50,700  cal/mole),  though  higher  than  the  value  computed  by  us  from  the 
experimental  data  of  Karzhev  and  Sorokin  (Fig.  1,  Ctirve  l), 

To  compare  our  results  with  the  data  on  the  overall  dehydrogenation  reaction 
obtained  by  previous  investigators,  we  have  calculated  the  apparent  activation 
energies  of  the  overall  dehydrogenation  reaction  (Table  4).  The  =  39^800 

cal/mole  of  heptane  proved  to  be  close  to  the  figure  secured  by  Pla^e  and  Tara¬ 
sova  of  4l,000  cal/mole  for  the  Eapp.  of  the  overall  dehydrogenation  of  n-heptane 
with  a  vanadium^  catalyst . 

The  Eapp.  of  the  aromatization  of  the  paraffin  hydrocarbons  heptane  and 
isooctane  are  of  the  same  order  of  magnitude,  approx.  40,000  cal/mole,  and  about 
twice  as  high  as  the  Eapp.  of  the  aromatization  of  the  olefin  hydrocarbons;  2- 
methylhexene-2  and  heptene-1.  The  comparatively  low  Eapp.  for  the  reactions 
involved  in,  the  fornlation  of  coke  and  gas,  approx.  20,000  cal/mole,  in  the  aro¬ 
matization  6f  the  paraffin  hydrocarbons,  and  approx.  l4,000  cal/mole  for  the 
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olefin  hydrocarbons,'  is  far  out  of  line  with  the  value  found  by  Plate  and  Tarasova 
(Eapp  of  coke  formation  =  approx.  56,000  cal/mole  in  the  aromatization  of  hep¬ 
tane  with  a  vanadium  catalyst).  We  ascribe  the  low  values  of  Eapp.  for  the  chrome 
catalyst  to  the  fact  that  the  formation  of  coke  and  gas  are  contact  processes. 

SUMMARY 

1.  Experiments  have  been  run  on  the  aromatization  of  n-heptane  and  2-methyl- 
hexene-2  with  a  chrome  catalyst  at  480* . 

The  principal  catalytic  conversions  of  these  hydrocarbons  are  the  formation 
of  aromatics,  coke,  and  gas,  the  side  reactions  being  the  formation  of  unsaturated 
hydrocarbons  in  the  aromatization  of  heptane  and  the  formation  of  paraffins  in 
the  aromatization  of  2-methylhexene-2. 

2.  Coke  and  gaseous  hydrocarbons,  aromatic  and  olefin  hydrocarbons,  and 
aromatic  and  paraffin  hydrocarbons  are  formed  simultaneously. 

•  5*  An  induction  period  precedes  the  aromatization  of  heptane;  the  aromat¬ 
ization  of  2-‘"methylhexene-2  has  no  induction  period  and  resembles  the  bimolecular 
reactions  in  character. 

4.  Equations  have  been  derived  for  the  formation  of  aromatic  hydrocarbons 
as  a  function  of  the  contact  time. 

5-  The  quantity  of  hydrogen  evolved  is  15-50^  higher  than  is  required  for 
the  formation  of  aromatic  and  unsaturated  (or  paraffin)  hydrocarbons,  owing  to 
dehydrogenation  reactions,  causing  the  formation  of  coke,  i.e.,  confirming  our 
conclusion  [14]  regarding  the  similarity  between  chrome  and  aliominosilicate 
catalysts. 

6.  The  variation  of  the  several  reactions  involved  in  the  conversion  of 
heptane,  2,2,4-trimethylpentane,  2-methylhexene-2,  and  heptene-1  with  tempera¬ 
ture  in  the  450-510*  range  has  been  demonstrated,  and  the  respective  activation 
energies  and  temperature  coefficients  of  the  reaction  rates  have  been  calculated. 
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THE  CONVERSION  OP  VINYL  ETHERS 


V.  The  Chemical  Properties  of  Incomplete  Acylals 

/OR 

of  the  atgai  Type  . 

\)OORi 


M.  P.  Shostakovsky  and  A.  Gershtein 


In  a  preceding  paper  [i]  we  described  a  method  of  synthesizing 'incomplete 
acylals  from  vinyl  ethers  and  carboxylic  acids.  The  extraordinary  simplicity  of 
this  method  made  these  compounds  available  for  laboratory  and  industrial  use. 
Incomplete  acylals  have  been  known  for  a  long  time  [2-4],  but  the  only  references 
to  them  in  the  literature  deal  with  only  one  of  their  chemical  properties;  their 
hydrolyzabillty  [s-v].  We  reported  earlier  [a]  that  the  mixed  acetals 

CH3CH  of  analogous  structure  are  readily  disproportionated  into  the  respective 

ORi  I  ■ 

symmetric  acetals;  the  incomplete  acetals  Investigated  in  the  present  report  did 
not  display  these  properties  under  analogous  conditions,  though  they  possessed 
somewhat  less  stability.  As  a  rule,  distillation  of  acylals  at  atmospheric  pres- 
s'lare  in  an  atmosphere  of  oxygen  results  in  their  decomposition.  The  acylals 

/OR 

secured  'from  formic  acid,  CH3CH  ,  break  down  when  distilled  at  normal  pressure 

'\)R 

even  in  an  atmosphere  of  nitrogen..  Only  when  they  are  distilled  in  vacuum  in  a 
current  of  an  inert  gas  are  they  secured  in  the  chemically  pure  state  and  with 
high  yields.  Such  simple  representatives  of  the  acylals  as  the  acylals  of  acetic 
./'OR 

acid,  CH3CH  ,  can  be  distilled  at- normal  pressure  in  an  atmosphere  of  an 

\  OCOCH3 

inert  gas,  to  be  siire,  but  they  undergo  partial  decomposition  thereby,  while  the 
acylals  recovered  do  not  possess  adequate  chemical  purity. ,  Acylals  are  hydroly¬ 
zed  by  water  in  the  cold,  even  when  no  catalyst  is  present,  the  rate  of  hydroly¬ 
sis  diminishing  with  the  increase  in  size  of  the  acid  radical. 

•  The  addition  of  carboxylic  acids  to -vinyl  ethers  takes  place  at  various  rates, 
depending  upon  the  de^ee  of  dissociation  of  the  acid.  The  addition  of  the 
first  representative  of  the  carboxylic  acids,  formic  acid,  to  vinyl  ethers  pro¬ 
duces  a  high  exothermal  effect,,  here  again  resembling  the  hydrohalic  acids.  The 
resultant  acylals  possess  properties  (ready  deccmpositlon,  titrability  with  an 
alkali)  that  remind  one  of  the  a-halogenic  ethers  investigated  in  our  laboratory 
by  Shostakovsky  and  Bogdanova  [s]  ' 

We  were  interested  in  ascertaining  the  ability  of  even  the  first  representa¬ 
tives  of  the  carboxylic  acids  (HCOOH,  CH3COOH),  exhibiting  a  high  degree  of  dis¬ 
sociation,  to  bring  about  the  polymerization  of  the  vinyl  ethers.  We  proposed  to 
attain  our  objective  by  running  special  tests  under  the  conditions  elaborated 
by  Shostakovsky  [10];  adding  acid  to  the  boiling  vinyl  ether.  We  found,  however. 
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that  under  these  conditions  the  carboxylic  acids  do  not  cause  the  vinyl  ethers 
to  polymerize.  The  reaction  involved  mainly  the  addition  of  the  acid  to  the 
ether,  resulting  in  the  formation  of  incomplete  acylals,  though  minute  quanti¬ 
ties  of  the  corresponding  acetals  and  esters; 


'OR 


CH2=CI^C>-R  +  RiCOOH  ’  +  CH3CH(0R)2  +  RiCOOR, 

^X)CORi  ' 

(I)  (II)  (III) 


were  detected  in  the  reaction  products, 


Though  the  formation  of  the  acetal  (ll)  could  be  attributed  to  the  dispropor¬ 
tionation  of  the  incomplete  acylals,  by  analogy  with  the  mixed  acetals,  th» 
formation  of  the  ester  required  further  research. 

We  assume  that  the  partial  conversion  of  the  acylal  takes  place  as  follows; 


1 


/OR  . 
CH3CH 

'^OCORi 


/^CH2=CH-0R  +  RiCOOH 
\cH2=CI^0C0Ri  +  ROH 


2  CH2=CI^0R  +  ROH 


OR 

OR 


5 

k 

5 


RiCOOH  +  ROH  RiCOOR  +  H2O 


CH2=CH-0C0Ri  +  RiCOOH  — 


CH3 


/OCORi 

CH 

^OCORi 


>OCORi 

cH3cm 

NdCORi 


+  H20 


CH3CH0  +  2R1COQH 


The  results  of  the  interaction  of  vinyl  n-butyl  ether  with  acids  (HCOOH, 
CH3COOH)  under  polymerization  conditions 'showed  that  the  acylals  (l)  were’ the 
principal  products  of  the  reaction,  their  yields  ranging  from  6l  to  84^.  In 
addition  to  the  by-products  mentioned  above  -  the  acetals  (ll)  and  the  esters 
(ill)  —  we  likewise  found  acetaldehyde  and  the  respective  acids,  thus  corrobor¬ 
ating  the  set  of  reactions  set  forth  above. 

The  pnesent  paper  presents  and  discusses  the  results  of  experiments  on  the 
interaction  of  vinyl  n-butyl  and  vinyl  ethyl  ethers  with  formic,  acetic,  and  n-* 
butyric  acids,  in  which  two  new  acylals  were  synthesized;  ethoxyethylidene  butyr 
ate  and  butoxyethylidene  butyrate; 


^0C2H5 
CH3CH  j 

\cOC3H7 


CH3CH 


OC4H9 


OCOC3H7 


One  of  the  principal  properties  of  acylals  and  acetals  is  their  tendency  to 
hydrolyze.  Acylals  hydrolyze  extremely  easily,  when  merely  agitated  with  water, 
acetals  being  hydrolyzed  by  dilute  mineral  acids  (2^  H2SO4,  etc.)  in  the  cold. 
The  resulting  esters  were  saponified  with  alcoholic  solutions  of  KOH.  The  hyd¬ 
rolysis  reactions  are  as  follows;  ■ 
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(I) 

(II) 

(III) 

The  hydrolysis  products  were  acetaldehyde,  organic  acids,  and  alcohols. 

The  methods  of  determination  have  been  described  In  a  previous  paper  [i], 
which  also  gives  the  computational  formula. 

•The  following  methods  were  used  to  Identify  the  structure  and  composition 
of  the  end  products;  l)  hydrolysis,  followed  by  quantitative  determination  of 
the  resulting  acetaldehyde  with  sodium  bisulfite;  2)  hydrolysis,  followed  by 
quantitative  determination  of  the  resulting  acid  by  titration  with  a  0.1  N  solu¬ 
tion  of  alkali;  and  3)  hydrolysis  of  the  esters  with  alcoholic  KOH. 

•EXPERIMENTAL 

I.  Reaction  of  vinyl  n-butyl  ether  with  formic  acid.  A.  ^0  g  (O.5  mole)  of 
vinyl  n-butyl  ether  was  placed  In  a  three -necked 'flask,  fitted  with  a  mercury 
seal,  a  mechanical  stirrer,  a  reflux  condenser,  and  a  thermometer  reaching  to  the 
bottom  of  1ihe  flask.  23  g  (0.5  mole)  of  freshly  distilled  formic  acid  was  added 
a  drop  at  a  time,  during  the  course  of  1  hour  3O  minutes  to  the  boiling  vinyl 
ether  (9^-95° )•  The  temperature  began  to  rise,  reaching  103“.  After  all  the 
acid  had  been  added,  the  mixture  was  set  aside  to  stand  overnight.  The  resultant 
71.7  g  of  substance  was  then  fractionated  in  vacuum  in  a  current  of  purified,  an¬ 
hydrous  nitrogen.  A  trap  with  a‘  coil  condenser  chilled  to  -l4  to  -l8*  was  in¬ 
serted  In  the  system  to  collect  any  volatile  products.  The  first  fractionation 
yielded  the  following  results;  Fraction  1,  b.p.  22-59°  at  25  mm,  6.2  g  (9.86^); 
Fraction  2,  b.p.  61-67.5°  at  25  mm,  50-1  g  (68.63^);  Fraction  3^  b.p.  125-l40* 
at  25  mm,  10.6  g  (l4.52^);  residue  in  the  flask  (tar)  2.6  g  (3*5^) 5  collected 
in  the  trap,  O.85  g  (l.l6^).  Total:  7O.35  g  (97.73^). 

Processing  of  the  reaction  products:  the  contents  of  the  trap  were  dissolved 
in  water  and  placed  in  a  1000-m*l  measuring  flask.  The  bisulfite  method  disclosed 
the  presence  of  O.806  g  of  acetaldehyde,  equivalent  to  I.83  g  of  the  initial 
vinyl  ether  or  2.675  g  of  the  sought-for  acylal.  The  fraction  with  a  b.p.  of 
22-59*  was  diluted  with  sulfuric  ether  and  then  treated  several  times  with  dis¬ 
tilled  water  in  a  separatory  funnel.  The  ether  layer  was  dried  with  freshly 
calcined  Na2S04,  after  which  it  yielded  3  g  of  a  substance  (HCOOC4H9)  with  the 
following  constants; 

B.p.  106. 5-107. 3°5  dig  0.8975;  0.8965;  n|°  1.3912;  MRp  27.034; 

computed  26.944. 

0.1193  g  substance:  13.10  g  benzene;  At  0.4823°;  0.2082  g  substance;  13.10 

g  benzene;  At  0.8532°.  Found;  M  96.88,  95-56.  C5H10O2.  Computed;  M  102. 

Hydrolysis  with  alcoholic' KOH.  "0.0923  g- substance:  8.8  ml  0.1  N  HCl 

(K=  1.016).  Found  (HCOOC4H9)  98.80. 

These  data  identify  the  substance  recovered  from  Fraction  1  as  butyl  formate, 
the  yie^d  being  5.88^  In  terms  of  the  acid.  The  aqueous  extracts  secured  by 
washing  Fraction  1  yielded  O.568  g  of  acetaldehyde  by  the  bisulfite  method  and 
1.55  g  of  HCOOH  by  titration  with  0.1  N  alkali.  Fraction  1  therefore  consisted 
of  butyl  formate,  acetaldehyde,  and  formic  acid. 

Fraction  2,  with  a  b.p.  of  61-67.5*^  was  dried  with  freshly  calcined  Na2S04, 
after  which  nearly  all  'of  it  distilled  at  62-62.5*  and  22  mm.  The  product  was 


^OR 

CH3CH  +  HOH  — ►  CH3CHO  +  RiCOOH  +  ROH 

'^OCORi 

CH3CH(0R)2  HOH  — CH3CHO  +  2R0H 
RiCOOR  +  KOH  — RiCOOK  +  ROH 
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but oxypthyll dene  formate,  the  constants  of  which  were; 

di8  0.93405  d|°  0.9523;  I.402O5  MRd  38.4O5  computed  37.823. 

0.1208  g  substance:  13.68  g  CeHes  At  0.5145*5  O.2361  g  substance;  13.68  g 
CeHe;  At  0.626“ .■  Found;  M  l44,  l4l.4.  C7H14O3.  Computed;  M  l46. 

Hydrolysis  with  determination  of  the  percent  of  the  acylal  from  the  acid. 
0.1770  g  substance:  11.6  ml  0.1  N  NaOH.  O.I578  g  substance;  10.2  ml  0.1  N 
NaOH  (K  =  1.039).  Found  99.42,  98.68. 

Hydrolysis  with  determination  of  the  percent  of  the  acylal  from  the  acetal¬ 
dehyde.  0.147  g  substance;  21.5  ml  0.1  N  I2.  0.159  g  substance:  23.69  ml 

0.1  N  I2  (K  =  0.9075).  Found  97.23,  98.60. 

Fraction  3,  with  a  b.p.  of  125-l40“,  was  diluted  with  absolute  ether  and 
then  treated  with  metallic  sodium  to  eliminate  any  free  butyl  alcohol  or  formic 
acid  that  might  be  present.  Fractionation  of  the  filtrate  secured  after  removal 
of  the  resultant  precipitate  yielded  6.35  g  of  a  substance  with  a  m.p.  of  l84- 
185*,  n5°  1.4090,  corresponding  to  dibutyl 'acetal  (which  is’ described  in  full 
below),  and  I.I5  g  of  a  substance  with  a  b.p.  of  192-195° ^  ng®  1.4250,  which  was 
not  analyzed  apy  further. 

Our  findings  indicate  that  most  of  Fraction  3  consisted  of  dibutyl  acetal. 

B.  This  experiment  was  performed  under  the  same  conditions  as  the  preceding 
one,  merely  the  rate  of  addition  of  the  acid  being  varied.  The  latter  was  added 
during  the  course  of  5  minutes,  the  reagent  quantities  remaining  the  same;  O.5 
mole  of  each  ingredient. 

Results  of  the  first  fractionation;  Fraction  1,  b.p.  25-32“  at  23  mm,  9.5  g 
(12.74^)5  Fraction  2,  b.p.  53-66“  at  25  mm,  45.2  g  (61.92^)  (most  distilling  at 
64-66*) 5  Fraction  3^  b.p.  31-49“  at  4  mm,  9.O  g  (12.33^);  Fraction  4,  b.p.  94- 
125“  at  4  mm,  5.5  g  (7.53^);  residue  in  the  flask  (tar),  2.8  g  (3.84^).  Total; 
71.8  g  (98.36^). 

The  processing  of  the  reaction  products  followed  the  same  lines  as  before. 
Using  the  bisulfite  method  with  the  aqueous  extracts  of  Fraction  1  yielded  I.385 
g  of  acetaldehyde,  while  titration’ with  0.1  N  NaOH  yielded  3-47  g  of  formic  acid. 
After  the  ether  solution  of  Fraction  1  had  b^en  dried  with  freshly  calcined 
Na2S04,  it  yielded  3.8  g  (7.06^  in  terms  of  the  acid)  of  butyl  formate,  the  con¬ 
stants  of  which  were; 

B.p.  105.8-106.2“ 5  dig  0.89185  d|°  0,89675  ng°  1.3912;  MRd  27.O345 
computed  26.944. 

■  Re fractionation  of  Fraction  2  yielded  the  principal  reaction  product;  44.5 
g  (60.96^)  of  the  theoretical)  of  butoxyethylidene  formate,  with  the  following 
constants; 

B.p.  63,-5-64.5*  at  23  mm;  dfg  0. 93355  df°  O.95185  n|°  I.40285  MRp  38.225 
computed  37.823. 

0.1745  g  substance;  I5.O5  g  CeHe; A  t  0.4205“.  O.2785  g  substance; 

15.05  g  CeHe:  At  0.675“.  Found:  M  l4l.5,  140.75  -  C  rHi403.  Computed  M  l46. 

Hydrolysis  with  determination  of  the  per  cent  ,of  the  acylal  from  the  acetal¬ 
dehyde.  0.2268  g  substance:  35.4  ml  0.1  N  I2;  O.1809  g  substance;  27.2 
'  ml  0.1  N  I2  (K  =  0.9075).  Found  97.56,  99. 61. 

Hydrolysis  with  determination  of  the  per  cent  of  the  acylal  from  the  acid. 
0.1525  g  substance:  8.6  ml  0.1  N  NaOH;  0.1255  g  substance:  8.2  ml  0.1  N 
NaOH  (K  =  1.039).  Found  99.30,  98. 80. 
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Fraction  3,  with  a  b.p.  of  31' •5-^9“  at  4  mm,  was  treated  with  metallic  sod- 
lium  in  an  ether  solution,  yielding  ^.6  g  (6.44^,  based  on  the  vinyl  ether)  of  a  ^ 
substance  with  a  b.p.  of  183.5-185°;  h§°  1.4088;  The  product  was  combined  with' 
the.  analogous  product  of  the  first  experiment  and  redistilled,  yielding  9*6  giof 
a  p\ire  substance  with  the  following  constants: 

B.p.  185-186°;  dig  O.836I;  d|°  0.8346;  n|°  I.409O;  MRj)  51.33;  computed  51,666.- 

0.2443  g  substance;  I5.O8  g  C6H6:A  t  0.4955°.  0.4426  g  substance;  I5.O8 

g  CeHe^At  0.846°.  Found:  M  I67.7,  171.9.  C10H22O2.  Computed:  M  174. 

Hydrolysis  with  2^  sulfuric  acid  and  determination  of  the  per  cent  of  the 

acylal  from  the  acetaldehyde.  O.2085  g  substance;  26.3  ml  0.1  N  I2; 

0.1958  g  substance;  24.6  ml  0.1  N  I2  (K  =  O.9075).  *  Found  99.57^  9?. 20. 

These  are  the  constants  for  dibutyl  acetal.  The  results  of  both  these  ex¬ 
periments  indicate  that  the  rate  at  which  the  acid  is  added  has  no  effect  upon  . 
the  course  of  the  reaction. 

II.  Reaction  of  vinyl  n-butyl  ether  with  acetic  acid.  -  This  experiment  was 
carried  out  under  the  same  conditions  as  above,  the  ingredients  being  added  in 
the  reverse  order,  however.  50  g  (0.5  mole)  of  vinyl  n-butyl  ether  was  added 
drop  by  drop,  in  the  course  of  1^  hours,  to  30  g  (0.5  mole)  of  glacial  acetic 
acid  heated  over  a  boiling  water  bath  (temperature  within  the  flask  98°).  The 
temperature  of  the  reaction  mass  rose  to  101-102°,  staying  there  as  long  as  the 
ether  was  added.  After  all  the  vinyl  n-butyl  ether  had  been  added,  the  reaction  * 
mass  was  heated  for  another  I5  minutes  over  the  boiliiig  water  bath  and  then  set 
aside  to  stand  for  I8  hours.  This  yielded  78. 1  g  of  a  fragrant,  slightly  yellow-  • 
ish,  transparent,  'and  rather  mobile  liquid,  fractionation  of  which  yielded  the 
following  fractions  (fractionation  was  carried  out  in  a  current  pf  purified,  an¬ 
hydrous  nitrogen);  Fraction  1,  b.p.  30-60°  at  26  mm,  n§?  1.4000,  7.9  g;  Fraction 
2,  b.p.  60-73°  at  .26mm  (bulk  at  72-73°)^  n^°  1.4035^  30.1  g;  Fraction  3^  b'.p. 
74-75°  at  26  mm,  np°  1.4040,  25  g;  Fraction  4,  b.p.  75°  at  26  mm,  n^°  1.4040, 

11.2  g;  collected  in  trap,  3.8  g.  Total:  jd.O  g  (97.5^). 

The  contents  of  the  trap  did  not  dissolve  completely  in  water.  The  water 
soluble  portion  was  placed  in  a  200  ml  measuring  flask  and  analyzed  by  the  bi¬ 
sulfite  and  alkali  methods.  The  bisulfite  method  yielded  0.1297  g  of  acetalde¬ 
hyde,  while  titration  with  alkali  yielded  1.945  g  of  acetic  acid.  The  water-in¬ 
soluble  portion,  totaling  1  g,  was  desiccated  with  calcined  potash  and  proved 
to  be  vinyl  n-butyl  ether,  with  a  b.p.  of  92.8-93*4°;  np°1.40l6.  The  figures 
in  the  literature  for  vinyl  n-butyl  ether  are:  b.p.  93.3°;  n^°  1.4015  [^]. 


The  resulting  fractions  were  then  processed  as  follows.  As  the  results  of 
the  first  fractionation  indicated,  all  the  fractions  but  the  first  had  adjafcent 
boiling  points  and  refractive  indexes,  so  that  Fraction  1  was  processed  separ- 
Si'tely.  '  . 

I  '  .1'  icfa! '  '■/ 

^After  -treatment  with  ^fused  potash  to  bind  the  tfpee  acetic  acid  and  drying, oLiJ 
the  filtrate  of  Fraction  1  ,was  refractionated,  the  following  two  fractions  being v. 
collected:.  Fraction  1,  b.p.  123-127°,  n^°  1*3955^  1*5  g;  Fraction  2,  b.p.  l68-i 
169.6°,  1.4040,  3.5  g;  the  residue  left  in  the  flask  totaled  2.8  g. 

,  ,  i-  '  r  .  '  ■  •  ‘ 

The  fractionation  results  indicate ,that  the  bulk;  of  Fraction  1  also  con¬ 
sisted  of  an  acylal  -  'butoxyethylidene  acetate. 

'■  ..c^i  .  '^^-4.0  .'5/'^  ,  ,x.  '  ’  *  ■ 

'The  'fraction  with  a  b.p.  of  125-127°  was  redistilled,  yielding  l.g  of  a' 

substance  the 'constants  of  which  Identified  it  as  butyl  acetate. 

.  B.p;,‘W-l26°; 'dig  0.8823; "di9  0.8807;  ng^  1.3950>  MRp  31.57;’  ra  '  • 

computed  31*562.  (.  -  ..  ‘ 


$ 


Hydrolysis  vith  alcoholic  KOH.  0.155^  g  substances  12. 85  ml  0.1  N 
HCl  (K  =  1.016)1  0.1822  g  substance:  15=5  ml  0.1  N  HCl  (K  =  1.0l67.  • 

Found  CH3COOC4H9.  98.72,  100. 5. 

Fraction  1  (b.p.  5O-6O®  at  26  mm)  thus  contained  a  negligible  quantity  of 
butyl  acetate  (about  1.5  g) ,  most  of  it  consisting  of  butoxyethylidene  acetate, 
which  was  combined  with  the  bulk  of  the  product  for  purifications  Further  vac¬ 
uum  fractionations*  of  the  reaction  products  in  a  current  of  purified  anhyc^ous 
nitrogen  yielded  68  g  (85^  of  the  calculated  theoretical  quantity)  of  a  pure 
substance  with  the  following  constants; 

B.p.  42^5-43“  at  3  mm;  dfg  O.921OJ  d|°  0.91935  n|°  1.4o40^  MRp  42.55; 
computed  42.441.  '  '  . 

0.1932  g  substance;  14.58  g  CsHes  At  0.4l6".  0,294?  g  substance;  14.58  g 

CeHe:  At  0.640“.  Found;  M  163.3,  l62,  CsHieOa.  Computed;  M  I60. 

Hydrolysis  with  determination  of  the  per  cent  of  acylal  from  the  acetal¬ 
dehyde.  0,2491  g  substance;  35*5  ml  0.1  N  I2;  0.2493  g  substance:  33*9  ml  0.1 
N  I2  (K  =  0.9075).  Found  97-64,  98.73. 

Hydrolysis  with  determination  of  the  per  cent  of  acylal  from  the  acid. 

0,2553  g  substance;  15.7  ml  0.1  N  NaOH.  0.2528  g  substance;  I5.65  ml 
0.1  N  NaOH  (K  =  1.039).  Found  102.2,  102.9. 

We  had  observed  excessively  high  results  in  alkali  titration  earlier  [1], 
but  we  have  not  found  out  why  this  occurs.  It  is  not  impossible  that  traces  of 
the  complete'  acylal  are. present,  as -a  result  of  the  reaction.  It  was  impossible  • 
to  Isolate  it.  Inasmuch  as  the  two  boiling  points  are  almost  identical,  ranging, 
according  to  "the  literature,  from  II6.8  to  I69*  [2]. 

Lastly,  the  flask  residue  (of  about  2  g)  was  dissolved  in  absolute  ether 
and  treated  with  metallic  sodium,  yielding  0.6  g  of  a  pure  substance  with  a  b.p.” 
of  184-185“ ;  ng°  1.4088.  . 

Hydrolysis  with  2%  sulfuric  acid  and  determination  of  the  percent  of  acylyl 
from  the  acetaldehyde.  0,1046  g  substance:  11. 85  ml  0,1  N  I2.  0.0995 

g  substance:  11.35  ml  0.1  N  I2  (K  =  O.9899).  Found  97T57,  98.24. 

'These  findings,  show  that  it  was  Identical  with  dibutyl  acetate. 

This  test  indicates  that  the  order  in  which  the  Ingredients  are  added  like¬ 
wise  has  no  effect  upon  the  course  of  the  reaction. 

III.  Synthesis^ of  the  ethoxyethylidene  butyrate.  The  initial  substances 
were;  vinyl  ethyl  ether  with  a  b.p.  of  35 *9-36. 2*  at  758  mm;  ng°  1.3775 5  and 
normal  butyric  acid,  with  a  b.p.  of  l6l“;  ng°  I.4005. 

A  mixture  of  36  ,g  {0.5  mole)  of  vinyl  ethyl  ether  and  44  g  (0,5  mole)  of 
butyric  acid  was  beated  in  a  sealed  ampoule  for  15  hours  over  a  boiling  water 
bath.  Double  vacuum  fractionation  In  a  current  of  purified  anhydrous  nitrogen 
yielded  75*2  g  of  the  pure  product  (94^  of  the . theoretical) ,  with  the  following 
constants:  - 

B.n.  81-81.5*  at  28  mm,  37.5-38  at  4.5  mm;  di8  0.9237;  O.922I; 

ng  ,  I.403O;  MRp  42.33;  computed  42.441. 

0.2014  g  substance;  13.46  g  CeHes  At  0.490“;  0.1246  g  substance;  13.21  g 
■  '  CeHe:  A  t  0.3042“.  Found;.  M  I56.7,  159.7.  CsHieOa.  Computed  M  I60. 

'12,52  mg  substance;  27.35  mg  CO2;  11. 65  mg  H2O.  12.28  mg  substance: 

26.75  mg  CO2;  11.31  mg  H2O.  Found  C  59. 6I,  59.4?;  H  10. 4l,  10. 30. 

CsHieOe.  Computed  C  6O;  H  10. 
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Hydrolysis  by  2^  sulfuric  acid  with  determination  of  the  per  cent  of  acylal 
from  the  acetaldehyde.  O.IO68  g  substance:  12.59  ml  0.1  N  I2  O.I528  g 
substance:  15*95  ml  0.1  N  I2  (K  =  I.009).  Found  97*88^  96.95* 

Hydrolysis  with  determination  of  the  per  cent  of  acylal  .from  the  acM.  O.O515  * 
g  substance':  10.5-mla.O.l  N  NaOHj  O.178I  g  substance:  12.25  ml  0.1  N  NaOH. 

(K  =  0.909).  Found  °lo‘.  98T56,  100. 

IV.  Synthesis  of  butoxyethylldene  butyrate.  The  initial  substances  were: 
vinyl  n-butyl  ether,  with  a  b.p.  of  95*5“9^°5  1*^020;  and  normal  butyric 

acid,  with  a  b.p.  of  l6l°j  n^°  1.4005. 

A  mixture  of  25  g  (O.25  mole)  of  vinyl  n-butyl  ether  and  22  g  (O.25  mole) 
of  normal  butyric  acid  was  heated  in  a  sealed  ampoule  for  I5  hours  over  a  boil¬ 
ing  water  bath.  Double  fractionation  yielded  44.2  g  (94.04^  of  the  theoretical) 
of  a  wholly  pure  substance  with  the  following  constants: 

B.p.  74.5-75*2“  at  7  mm,  59-59*1"  at  2.5  mm;  dig  0.9032;  d|°  O.9OI6. 
n|°  1.4ll8;  MRd  51*78;  computed  51*677. 

0.1166  g  substance;  12.45  g  CeHe**  At  O.269*.  0.2224  g  substance;  12.45 

g  CsHe:  At  0.5025“.  Found  M  I78.5,  182.3.  C10H20O3.  Computed  M  I88. 

2.690  mg  substance:  6.330  mg  CO2;  2.560  mg  H2O;  3*385  mg  substance: 

7.968  mg  CO2;  3.229  mg  H2O.  Found  C  64.22,  64.19;  H  10. 65,  10. 67. 

CioH2o03.  Computed  C  63.83;  H  10.64.' 

Hydrolysis  with  determination  of  the  per  cent  of  acylal  from  the  acetal¬ 
dehyde.  0.0998  g  substance:  10.3  ml  0.1  N  I2;  O.O609  g  substance: 

6.4  ml  0.1  N  I2  (K  =  1.009).  Found  97*89,  99*67* 

Hydrolysis  with  determination  of  the  per  cent  of  acylal  from  the  acid. 

0.166  g  substance: ■ 9*8  ml  0.1  N  NaOH;  0.208  g  substance:  12.2  ml  0.1  N 
NaOH  (K  =  0.909)*  Found  100. 3,  100.2. 

SUMMARY 

1.  A  study  has  been  made  of  the  reaction  of  vinyl  ethers  with  carboxylic 
acids  under  conditions  where  the  former  are  polymerized,  by  adding-  the  acid  to 
the  boiling  vinyl  ether.  It  has  been  shown  that  carboxylic  acids,  even  their 
lowest  representatives/  which  possess  a  rather  high  degree  of  dissociation,  do 
not  bring  about  polymerization  of  vinyl  ethers.  The  main  course  of  the  reaction 
is  the  addition  of  the  carboxylic  acids  to  the  vinyl  ethers,  yielding  incom¬ 
plete  acylals. 

I 

2.  It  has  also  been  found  that  low  yields  (3-5^)  of  the  corresponding  sym¬ 
metric  acetals  (ll)  and  esters  (ill)  are  secured. 

3*  The  results  have  been  discussed,  and  a  mechanism  suggested  for  the  re¬ 
action  Involved  in  the  formation  of  the  products  (ll)  and  (III)  as  the  result 
of  transformation  of  the  incomplete  acylals.  ' 
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THE  REACTION  OP  DIMETHYLETHYNYLCARBINOL  WITH  PROPYLENE  OXIDE  .  II 


K.  D.  Petrov  and  E.  S.  Lagucheva 


We  have  shown  [i]  that  dimethylethynylcarhinol  reacts  with  ethylene  oxide 
in  the  presence  of  tertiary  organic  bases  to  form  the  3-hydroxy  ethyl  ether  of 
dimethylethynylcarhinol.  We  wanted  to  find  out  how  dimethylethynylcarhinol 
would  react  with  the  closest  homolog  of  ethylene  oxide,  propylene  oxide. 

We  condensed  dimethylethynylcarhinol  with  propylene  oxide  in  the  presence 
jQf  dimethylaniljine  and  methyldiethanolamine .  We  used  dimethylethynylcarhinol 
and  propylene  ojcide  in  5:1  molar  proportions,  while  the  catalyst  totaled  h'jo  of 
the  carhinol.  When  dimethylaniline  was  employed,  the  yield  of  the  monoether 
was  based  on  the  reacted  carhinol,  while  the  yield  was  only  32.6^  when 

methyldiethanolamine  was  used. 

The  monoether  distilled  at  normal  pressure  without  any  signs  of  decomposi¬ 
tion  and  it  was  alkali-resistant  and  insoluble  in  water,  which  is  probably  why 
*  it  did  not  display  the  qualitative  reaction  with  ammonlacal  silver  nitrate.  The 
presence  of  a  triple  bond  was  proved  by  its  reaction  with  a  2^  aqueous  solution 
of  corrosive  sublimate,  yielding  a  curdy,  white  precipitate,  and  by  its  decolor¬ 
izing  an  aqueous  solution  of  potassium  permanganate  and  a  chloroform  solution 
of  bromine.  The  molecular  weight,  molar  refraction,  and  number  of  hydroxyl  • 
groups  found  for  the  monoether  all  agreed  with  the  values  calculated  theoretic¬ 
ally. 

The  one  problem  left  to  decide  was 'the  sequence  in  which  the  dimethylethy- 
nylcarbinol  was  added  to  the  propylene  oxide. 

Owing  to  the  asymmetrical  nature  of  propylene  oxide,  alcohols  can  be  added 
to  it  in  two  ways,  yielding  primsiry  or  secondary  monoethers,  the  order  of 
adding  the  alcohols  to  asymmetrical  oxides  depending  upon  the  nature  of  the 
catalyst  [2,3,4].  The  effect  of  the  natiire  of  the  catalyst  upon  the  order  in 
which  alcohols  are  added  to  asymmetrical  oxides  was  first  discovered  by  Petrov  ' 
and  Tyazhelova  in  their  research  on  the  reaction  of  alcohols  with  isobutylene 
oxide.  They  later  made  a  study  of  the  order  in  which  alcohols  are  added  to 
propylene  oxide.  Their  observations  indicate  that  the  condensation  of  propylene 
oxide  with  alcohols  in  the  presence  of  acid  catalysts  yields  a  mixture  of  prim¬ 
ary  and  secondary  ethers,  whereas  the  use  of  alkaline  catalysts  yields  primary 
ethers  [2,5].  This  rule  was  subsequently  confirmed  by  the  researches  of  Chit¬ 
wood  and  Freure  [3]. 

In  the  light  of  the  foregoing,  it  may  be  asserted  that  here  again  the  con¬ 
densation  of  dimethylethynylcarhinol  with  propylene  oxide  in  the  presence  of 
tertiary  organic  bases  will  give  rise  to  a  primary  monoether: 


^3  CEb 

HC=C-C-OH  +  CH2-CH-CH3  ■»  HC*C-C-0-CH2-C5-CH3  . 

/  \  /  II 

CH3  0  CH3  OH 

Moreover,  the  fact  that  the  boiling  point  of  this  ether  of  dimethylethynyl- 
carbinol  (167.5-169°)  is  lower  than  that  of  the  p-hydroxy  ethyl  ether  (17O.5- 
172°)  supports  this ‘structure  of  the  ether.  The  acetate  of  the  P-hydroxy  propyl 
ether  of  dimethylethynylcarbinol,  prepared  by  reacting  the  latter  with  acetic 
anhydride,  likewise  has  a  lower  boiling  point  than  the  acetate  of  the  P-hydroxy 
ethyl  ether  of  dimethylethynylcarbinol. 

EXPERIMENTAL 

Synthesis  of  the  P-hydroxy  propyl  ether  of  dimethylethynylcarbinol  in  the 
presence  of  dimethylaniline .  In  the  synthesis  of  the  P-hydroxypropyl  ether  of 
dimethylethynyl  carblnol  we  used  a  dimethylethynylcarbinol  prepared  as  specified 
by  Favorsky  [e],  with  a  b.p.  of  101-10k°;  dio  O.8685  n^°  1.4220j  and  a  propylene 
oxide  with  a  b.p.  of  55“ j  dfS  O.859. 

The  P-hydroxy  propyl  ether  of  dimethylethynylcarbinol  was  synthesized  under 
the  following  conditions:  199*7  g  (2.38  mole)  of  dimethylethynylcarbinol,  46.9 
g  (0.81  mole)  of  propylene  oxide,  and  9  g  of  dimethylaniline  were  charged  into 
an  autoclave  fitted  with  a  stirrer  and  a  thermocouple.  Then  the  autoclave  was 
heated  until  its  temperature  reached  145-155*  ^  "the  process  being  carried  out  at 
this  temperature  for  8  hours  with  constant  stirring.  When  this  time  was  over, 
the  autoclave  was  cooled,  and  the  reaction  product  was  removed  and  sent  off  for 
fractionation.  *  .  > 

Fractionation  was  carried  out  in  a  flask  fitted  with  a  herringbone  dex^ilegm- 
ator  one  meter  high.  At  the  start,  the  unreacted  propylene  oxide,  totaling  20  g 
and  the  initial  dimethylethynylcarbinol,  totaling  177  g;  were  driven  off  at 
standard  pressure.  Then  fractionation  was  pursued  in  vacuum.  Vacuum  fraction¬ 
ation  yielded  the  following  fractions;  Fraction  1,  up  to  58*  (5*5  mm)  -  10  g; 
n§°  I.425O;  Fraction  2,  58-60°  (5-5  mm)-  I6  g)  n^°  1.4407)  still  residue  -  12 g. 

The  fraction  with  a  boiling  point  of  58-60°  (5-5  mm)  was  the  P-hydroxy  - 
propyl  ether  of  dimethylethynylcarbinol,  with  a  yield  of  74.4^  of  the  theoret¬ 
ical,  based  on  the  reacted  dimethylethynylcarbinol.  The  P-hydroxy  propyl  ether 
of  dimethylethynylcarbinol  is  a  faintly  greenish,  transparent  liquid.  It  is 
insoluble  in  water  or  alkalies,  but  is  freely  soluble  in  organic  solvents;  it 
decolorizes  a  ^solution  of  bromine  in  chloroform  and  an  aqueous  solution  of  potas¬ 
sium  permanganate;  and  it  forms  a  curdy,  white  precipitate  when  shaken  with  a 
2^  aqueous  solution  of  corrosive  sublimate.  It  distils  at  167.5-169°  at  standard 
pressure  without  any  signs  of  decomposition.  * 

di8  0.9282;  ng°  1.4407;  MRd  40.30;  computed  40.31. 

0.2279  g  substance;  38.2  ml  O.5  N  KOH;  0.2374  g  sub stance ; 38. 1  ml  O.5  N 

KOH.  Control  test;  42.25  ml  O.5  N  KOH  (K  =  0.822);  0.7800  g  substancej 

26.68  g  benzene;  At  1.05°.  Found  OH  12,30,  12.20  (phthalonatlon  method). 

M  145.4.  C8H14O2.  Computed  OH  12.00;  M  l42. 

Acetate  of  the  P-hydroxy  propyl  ether  of  dimethylethynylcarbinol.  17-75  g 
(0.125  mole)  of  the  p-hydroxy  propyl  ether  of  dimethylethynylcarbinol  and  38  g 
(0.375  mole)  of  acetic  anhydride  were  heated  together  for  3  hours  with  constant 
stirring  in  a  flask  fitted  with  a  reflux  condenser.  Then  10  ml  of  water  was 
added  to  decompose  the  excess  anhydride,  and  heating  was  continued  for  another 
30  minutes.  The  reaction  mixture  was  then  cooled  and  neutralized,  while  being 
stirred,  with  a  saturated  solution  of  soda.  The  ether  layer  was  separated  from 
the  aqueous  one,  three  ether  extracts  being  made  of  the  latter  and  then  combined 
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with  the  bulk  of  the  product.  The  product  was  then  desiccated  with  sodium 
sulfate^ and  filtered. _  The-sulfufcic  ether  was  driven  off  over  a^water  I  , 
bath,  and  the  reaction  product  was  fractionated  in  vacuum,  yielding:  Fraction 
1,  up  to  84.5“  (l7»5  nun),  I.5  gj  Fraction  2,  84.5-86.5“  (1T*5  mm),  21  g;  resi¬ 
due  1.3  g* 

The  yield  of  the  acetate  of  the  3-hydroxy;  propyl  ether  of  dimethylethynyl- 
carblnol,  distilled  at  84.5-86.5“  (17*5  mm)  was  91^  of  the  theoretical.  The 
product  was  neutral. 

dig  O.9619J  n^°  1,4250;  MRd  49.00;  computed  49.67- 

0.4230  g  substance:  l6.92  ml  0.5  N  HCl;  0.4352  g  substance:  16.55  ml 

0.5  N  HCl.  Control  test:  21. 85  ml  O.5  N  HCl  (K  =  O.953).  Found:  ester.  . 

niunber  310. 5^  308. 3.  CioHieOa.  Computed  ester  number  304.2. 

'  SUMMARY 

1.  It  has  been  shown  that  dime thy lethynylcarbinol  reacts  with  propylene  ox¬ 
ide  in  the.  presence  of  tertiary  organic  bases,  yielding  the  3-hydroxypropyl 
ether  of  dimethylethynylcarbinol,  which  has  not  been  described  in  the  literature. 
The  reaction  is  similar  to  that  with  ethylene  oxide. 

2.  The  acetoxy  propyl  ether  of  dimethylethynylcarbinol  is  described  and 
its  properties  given. 
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-  V  ;  n  .. 

ACETYLENE  -  ALLENE  REARRANGEMENTS 

II. ;  The  Reaction  of  Alcoholic  Alkali  and  of  Alcoholates  and  Acetates  of 

the  Alkali  Metals  upon  Acetylene  and  Allene  Chlorides  I 


A.  N.  Pudovlk 


The  action  of  an  alcoholic  alkali  and  of  alcoholates  of  the  alkali  metals 
upon  allyl  halide  isomers  has"  been  investigated  in  detail  by  the  present  author 
and  described  in  several  papers  [i].  It  was  found 'that  alkalies  act  differently 
upon  allyl  halide  isomers  in  solutions  of  primary,  secondary,  and  tertiary  alco¬ 
hols,.  and  the  Importance  of  the  reagent  concentration  for  the  mechanism  of  the 
reactions  was  likewise  pointed  out. 

Continuing  our  work  along  thesd  lines,  we  were  greatly  Interested  in  explor¬ 
ing  the  reactions  of  an  alcoholic  alkali  and  alcoholates  of  the  alkali  metals 
with  acetylene  and  allene  chlorides.  Absolutely  no  work  can  be  found  in  the 
literature  on  this  topic  at  the  present  time.  In  one  of  I. N. Nazarov' s  papers 
[2],  the  author  notes  that  the  action  of  an  alcoholic  alkali  upon  dimethylvinyl 
ethynylchloromethane  splits  off  hydrogen  chloride  and  yields  nothing  but  an  un¬ 
saturated  hydrocarbon.  He  recommends  that  dimethylvinylethynylcarbinol  be  reac-, 
ted  with  alcohols  in  the  presence  of  sulfuric  acid  to  secure  ethers  of  the  carb- 
inol.  There  is  no  other  information  in  the  literature  on  the  subject.  As  will 
be  seen  from  what  follows,  I. N. Nazarov* s  assertion  has  no  foundation  in  fact. 

The  reactions  of  acetylene  chlorides  with  alkalies  and  with  alcoholates  of  the 
alkali  metals  in  alcohol  Solution  result  in  the  formation  of  the  corresponding 
ethers  of  the  alcohols  used  in  the  reactions,  in  addition  to  unsaturated}  hydro¬ 
carbons.  The  proportidns  of  the  products  formed  depend  largely  upon  the  propor¬ 
tions  of  the  reagents  used  in  the  reaction  and  upon  how  the  latter  is  carried 
out.  A  study  of  these  reactions  is  of  definite  theoretical  interest  in  several 
respects;  the  effect  of  changing  the  reaction  conditions  upon  the  proportions 
of  the  substitution  and  cleavage  reactions)  the  influence  of  the  nature >  of  the 
alcohols  upon  the  course  of  the  reaction)  and  the  mechanism  of  the  possible 
acetylene -allene  rearrangements  during  monomolecular  alcoholysis.  In  the  first 
series  of  tests  we  investigated  the  action  of  caustic  potash  and  of  alcoholates 
of  the  alkali  metals  in  concentrated  alcoholic  solution  upon  dimethylethyhyl 
chloromethane  and  l-chloro-3‘-methylbutadiene-l,2.*  According  to  the  Hughes, 
Ingold,  Mastermann,  and  Nulty  [3]  investigation  of  the  kinetics  of  alcoholysis 
of  tert -butyl  chloride,  the  transition  point  from  the  monomolecular  to  the  bi- 
molecular  reaction  is  at  a  0.1  N  solution  of  the  alcoholic  alkali,  the  reaction 
being  monomolecular  below  this  concentration  and  bimolecular  above  it.  In  the 
critical  concentration  region  (near  0.1  N)  the  reactions  are  both  monomolecular 
and  bimolecular. 

Inasmuch  as  we  carried  out  the  experiments  mentioned  above  in  solutions 
whose  concentrations  were  about  3  N  with  respect  to  the  alkali  and  the  alcohol¬ 
ates,  it  is  evident  that  the  substitution  and  cleavage  reactions  taking  place 
under  these  conditions  must  be  bimolecular  on  the  whole. 
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The  reaction  of  dimethylethynylchloromethane  with  caustic  potash  and  with 
sodium  alcoholate  in  alcohol  yielded  isopropehylacetylene  and  the  ethyl  ether  of 
dimethylethynylcarbinol,  the  yield  of-  the  ether  being  57^  of  the  mixture  in  the 
first  case  and  51^  in  the  second.  The  total  yield  of  the  hydrocarbon  and  the 
ether  ranged  from  66  to  70^  in  different  tests.  The  ether  displayed  the  charac¬ 
teristic  qualitative  reaction  for  acetylenic  hydrogen  with  ammoniacal  silver 
nitrate.  'Both  reactions:  the  substitution  and  the  cleavage,  take  place  independ¬ 
ently,  in  the  same  stage,  as  was  to  be  expected  in  view  of  their  assumed  bimolec- 
ular  nature,  and  may  be  represented  by  the  following  equations; 


C2H50‘  + 


CH3 

^-C5CH 

CHa 


CHa 


^205 


>C-CHCH  +  Cl" 


CHa 


■V  C2H5CHH  +  CH2=C-C=CH  +  Cl" 
CHa 


(E^) 


When  dimethylethynylchloromethapLe  was  reacted  with  caustic  potash  and  sodium 
alcoholate  in  methanol,  the  yield  of  isopropenylacetylene  was  much  lower,  the 
principal  reaction  product  being  the^  methyl  ether  of  dimethylethynylcarbinol  in 
each  case.  The  structure  of  the  synthesized  ethers  was  proved  by  synthesizing 
them  in  a  different  manner;  by  reacting  methanol  and  ethyl  alcohol  with  dimethyl- 
ethynyicarbinol  in  the  presence  of  a  small  quantity  of  concentrated  sulfuric 
acid.  The  resultant  ethers  had  the  same  constants  as  those  seciired  by  the  first 
method  from  dimethylethynylchloromethane,  though  their  yields  were  extremely 
minute. 

The  reaction  of  dimethylethynylchloromethane  with  sodium  phenolate  enabled 
us  to  secure  a  slight  yield  of  nothing  but  the  phenyl  ether  of  dimethylethynyl¬ 
carbinol. 

We  then  investigated  the  action  of  sodium  alcoholate  upon  the  allene  chlor¬ 
ide  l-chloro-3-niethylbutadiene-l,2  dissplvedin  methanolT  The  yield  of  the  all¬ 
ene  ether  l-methoxy-5-methylbutadlene-l,2  dld^not  exceed  15^  of  the  theoretical, 
notwithstanding  a  series  of  experiments  run  under  different  conditions.  In  addi¬ 
tion  to  the  allene  ether,  we  secured  high  boiling  products,  which  were  not  frac¬ 
tionated.  The  allene  ether  is  a  liquid  with  an  acrid  odor,  which  did  not  yield 
a  precipitate  when  ammoniacal  silver  nitrate  was  added  to  it. 


=^-C=CH-Cl  +  CH3O- 


C=C=CH  OCH3  +  Cl" 


The  ether  was  saponified  by  shaking  it  up  with  a  5^  solution  of  sulfuric 
acid.  Adding  p-dinitrophenylhydrazine  and  semicarbazide  to  the  resulting  solu¬ 
tion  yielded  the  p-dinitrophenylhydrazone  and  the  semicarbazide,  respectively,  of 
P,3-dimethylacrolein,  the  melting  points  of  which  were  175-176*  and  219-220®, 
respectively,  after  recrystallization.  We  were  unable  to  secure  the  allene  ether 
in  the  pure  state. when  the  reaction  was  carried  out  by  reacting  the  allene  chlor¬ 
ide,  l-chloro-5-niethylbutadiene-l,2  with  the  alcoholate  in  ethyl  alcohol. 

We  also  Investigated  the  reaction  of  dimethylethynylchloromethane  with  meth¬ 
anol  and  ethyl  alcohol  in  a  neutral  medium. 

In  both  tests  the  principal  reaction  products  were  the  respective  ethers  of 
dimethylethynylcarbinol,  with  only  a  minute  quantity  of  isopropenylacetylene)  no 
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isomeric  esters  of  the  allene  type  were  fo\md. 

^  The  formation  of  ethers  and  of  an  unsaturated  hydrocarbon  in  this  case  must 
be  largely  monomolecular  and  njay  be  represented  by  the  following  equations; 


r-CsCH  — ^ - 

CH3/ 


)C-C=CH  +  Cl 
CH. 


OR 


fast 


CHaT 

>C-CHCH 


H— CH2— C— C^H 

I 

CH3  * 


fast 


CH2=(j:-C=CH 

CH3 


In  contrast  to  the  bimolecular  reaction  that  takes  place' in  a  single  stage, 
the  monomolecular  reaction  takes  place  in  two  stages.  In  the  first  stage,  the 
solvent  dissociates  the  acetylenic  halogen  derivative  into  a  halogen  ion  and  a 
positively  charged  carbonium  ion.  In  the  second  stage,  the  carbonium  ion  adds 
an  alkoxy  ion,  forming  an  ether  liberating  a  proton,  and  forming,  isopropenylacet- 
ylene.  Inasmuch  as  the  dissociation  of  the  acetylenic  halogen  derivative  takes 
place  much  more  slowly  in  the  first  stage  than  the  reaction  occurring  in  the 
second  stage,  it  is  this  dissociation  that  governs  the  rate  of  the  entire , trans¬ 
formation.  The  process  is  monomolecular  and  is  represented  by  a  first-order  re¬ 
action.  The  conditions  under  which  the  reaction  is  carried  out  do  not  preclude, 
however,  a  partial  bimolecular  reaction  between  the  acetylenic  halogen  deriva¬ 
tive  and  molecules  of  the  solvent,  which  is  again  a  first-order  reaction.  Anal¬ 
ogous  experiments  carried, out  with  primary  and  secondary  allyl  halogen  compounds 
indicate,  however,  that  bimolecular  reactions  with  the  solvent  are  negligible, 
especially  in  the  case  of  the  secondary  isomers,  the  principal  reaction  being 
monomolecular.  This  bimolecular  reaction  with  the  solvent  will  be  even  more  in¬ 
significant  in  the  case  of  tertiary  acetylenic  chlorides,  obviously,  as  they 
have  an  even  greater  tendency  tp  monomolecular  reactions  than  do  the  secondary 
allyl  halide  Isomers. 

Comparison  of  the  results  of  oior  experiments  on  dimethylethynylchlorometh- 
ane  demonstrates  that  much  more  hydrogen  chloride  is  evolved  during'the  bimolec¬ 
ular  alcoholysis  of  that  compound  dissolved  in  ethyl  alcohol  than  in  monomolec¬ 
ular  alcoholysis  in  the  same  alcohol.  This  conclusion  conforms  to  the  results 
secured  in  analogous  reactions  with  secondary  and  tertiary  alkyl  halides  [3]. 

The  lower  percentage  of  an  unsaturated  hydrocarbon  formed  from  dimethylethynyl- 
chloromethane  in  a  bimolecular  reaction  than  is  the  case  with  tert-butyl  chloride 
is  apparently  due  to  the  difference^ in  the  structure  of  the  radicals  of  these 
two  compounds.  We.  know  that  the  ra^lo  of  the  reaction  rates  for  cleavage  and 
substitution  in  the  bimolecular  reaction  diminishes  gradually  as  we  pass  from 
tertiary  alkyl  halides  to  the  secondary  and  primary  ones. 

Results  of  the  same  sort  wer^  secured  in  our  investigation  of  the  action 
of  alcoholic  alkali  and  alcoholates  of  the  alkali  metals  upon  dimethylvinyl- 
ethynylchloroaiethane.  Reacting  the  chloride  with  caustic  potash  and  alcoholates 
in  a  concentrated  solution  of  methanol,  j . e . ,  under  conditions  favoring  bimolec¬ 
ular  alcoholysis,  yielded  a  mixture  of  isopropenylvinylacetylene  and  the  methyl 
ether  of  dimethylvinylethynylcarbinol. 


CH3 

CH3 


) 


Cl 

I  '  _  ' 

C-C=C-CH=CH2  +  OC2H5 


.  CH3.  f 

^C-C=C-CH=CH2  +  Cl 

CH3/ 


C2H5OH  +  CH2*C-CSC-€H^H2  +  Cl 
CH3 


C  2H5^^^+~'h — C  H2“^ — CnrC — C  H=C  H2 
CH3 


We  were  unable  to  secure  dependable  results  when  the  reaction  was  carried 
out  as  a  monomolecular  alcoholysis  of  the  dimethylvinylethynylchloromethane,  as 
heating  the  latter  with  methanol  and  ethyl  alcohols  in  the  presence  of  phenol- 
phthalein  turned  the  reaction  mixture  brfewn  after  a  few  hours  had  elapsed;  it 
was  found  impossible  to  maintain  the  medium  neutral  during  the  reaction  by  means 
of  titration,  while  making  a  periodic  check  by  means  of  checking  samples  was  not 
accurate  enough. 

Reacting  sodium  and  potadslum  acetates  with  dimethylvinylethynylchlorometh- 
ane  in  a  solution  of  glacial  acetic  acid  yielded  isopropenylvinylacetylene  and 
dimethylvinylethynylcarbinol  acetate.  The  reaction  products  contained  no  acetate 
of  allene  structure. 

Saponification  of  the  dimethylvinylethynylchloromethane  in  a  neutral  aqueous 
solution,  i.e.,  in  monomolecular  hydrolysis,  yielded  dimethylvinylethynylcarbinol 
as  the  sole  reaction  product. 

The  results  secured  in  the  present  reseairch  maybe  of  great  importance  in 
the  study  of  the  mechanism  involved  in  acetylene -allene  rearrangements. 

EXPERIMENTAL 

Dimethylethynylchloromethane.,  was  prepared  by  the  well-known  T.A.Favorskaya 
method  [4],  involving  the  reaction  of  dlmethylethynylcarbinol  with  hydrochloric 
acid  in  the  presence  of  cuprous  chloride  and  ammonium  chloride.  One  disadvantage 
of  this  method  is  the  circumstance  that  the  formation  of  this  chloride  is  par¬ 
alleled  by  the  formation  of  a  large  quantity  of  the  isomeric  allene  chloride,  to¬ 
gether  with  dichlorldes  and  a  large  amount  of  tar.'  In  order  to  work  out  a  method 
for  the  preparation  of  dimethylethynylchloromethane  as  the  chief  end  product,  we 
ran  tests  involvings the  reaction  of  dlmethylethynylcarbinol  with  the  following: 

a)  anhydrous  hydrogen  chloride;  b)  concentrated  hydrochloric  acid;  and  c)  thionyl 
chloride.  , 

a)  100  g  of  dlmethylethynylcarbinol,  prepared  "by  the  A.E.Favorsky  method 

[3]  -  passing  acetylene  through  an  ether  solution  of  acetone  containing  pulverised 
caustic  potash  -  waa  saturated  with  anhydrous  hydrogen  chloride  until  its  gain 
in  weight  totaled  43  g.  The  flask  was  then  closed  with  a  stopper  attached  to  a 
calcium-chloride  tube  and  set  aside  to  stand  at  room  temperature.  The  reaction 
was  extremely  slow.  After  standing  for  twenty-foiar  hours,  the  mixture  was  diluted 
with  water;  the  chloride  layer  was  extremely  small  after  it  had  been  thoroughly 
washed  with  water.  The  reaction  mixture  was  allowed  to  stand  for  a  week,  after 
which  it  was  treated  with  water,  the  upper  layer  being  removed,  desiccated  with 
calcium  chloride,  and  distilled  from  a  small  flask  into  a  Widmer  column,  yield¬ 
ing  16  g  of  dimethylethynylchloromethane,  with  et  b.p.  of  73-76°;  n^®  1.4200. 

b)  20  g  of  dlmethylethynylcarbinol  was  heated  with  50  g  of  concentrated 
hydrochloric  acid  for  8  hours  in  a  sealed  tube  over  a  water  bath.  Then  the  mix¬ 
ture  was  diluted  with  water  and  extracted  with  ether.  The  ether  extract  was 
desiccated  with  calcium  chloride,  the  ether  was  driven  off,  and  the  residue  was 
fractionated.  This  yielded  4  g  of , dimethylethynylchloromethane  and  a  small  quan¬ 
tity  of  high-boiling  fractions. 

c)  17  g  of  thionyl  chloride  was  gradually  added  from  a  dropping  funnel  to 
20  g  of  dimethyl'ethynylcarbinol  chilled  with  a  freezing  mixture.  After  the  re¬ 
action  mlxtiore  had  stood  for  an  hour,  it  was  diluted  with  water  and  extracted 


1596 


with  ether.  Fractionation  of  the  ether  extract  yielded  3*2  g  of  dimethylethynyl- 
chloromethane,  with  a  h.p.  of  ,  plus  several  high-boiling  fractions. 

We  have  therefore  established  that  dimethylethynylchloromethane  is  produced 
by  the  action  of  hydrogen  chloride  upon  dimethylethynylcarbinol,  but  that  the 
yield  is  low.  Nor  do  the  other  methods  tested  give  high  yields  of  the  chloride. 
The  method  evolved  by  T.A.Favorskaya  is  still  the  best. * 

Action  of  KOH  on  dimethylethynylchloromethane  in  ethyl  alcohol.  '  17  g .of 
caustic  potash  was  dissolved  in  80  g''  of  ethyl  alcohol,  and  25  g  of  the  chloride 
was  added  to  the  resulting  solution.  The  reaction  mass  was  heated  for  4  hours 
with  a  reflux  condenser  over  a  water  bath,  after  which  the  alcohol  was  driven 
off  and  diluted  with  water. 

The  layer  that  separated  out  was  again  treated  with  water,  desiccated  with 
calcium  chloride,  and  fractionated  from  a  small  flask  into '"a  spiral  Widmer 
column.  This  yielded  6.1  g  of  isopropenylacetylene,  with  a  b.p.  of  32-33“ ^ 
n^®  1.4090,  and  8.3  g  of  the  ethyl  ether  of  dimethylethynylcarbinol.  The  ether 
was  a  colorless  liquid  with  a  rather  strong  ether  odor: 

B.p.  93“ 3  nD°  l-^0^2j  d|°  0.8125;  MRp  33-71,  computed  34. I6. 

0.0840  g  substance:  0.2302  g  CO2J  0.0824  g  H2O.  Found  C  74.74; 

H  10.89.  C7H12O.  Computed  C  75-00;  H  10. 71. 

When  a  few  drops  of  the  ether  were  added  to  ammoniacal  silver  nitrate,  a 
copious  white  precipitate  was  thrown  .down. 

Action  of  sodium  ethylate  on  dimethylethynylchloromethane  in  ethyl  alcohol. 
8  g  of  sodium  was  dissolved  in  100  g  of  absolute  ethyl  alcohol,  and  30  g  of  di¬ 
methylethynylchloromethane  was  added  to  the  resultant  solution.  The  reaction 
mass  was  then  heated  for  3  hours  over  a  water  bath,  after  which  the  alcohol  was 
driven  off  and  diluted  with  water. 

The  upper  layer  was  retreated  with  water,  desiccated  with  calcium  chloride, 
and  fractionated  into  a  Widmer  column.  This  yielded  'J.6  g  of  isopropenylacetyl¬ 
ene,  with  a  b.p.  of  33-35°;  1.4090,  and  8  g  of  the  ethyl  ether  of  dimethyl¬ 
ethynylcarbinol,  with  a  b.p.  of  92-93“;  I.405O. 

Action  of  KOH  on  dimethylethynylchloromethane  in  methanol.  10  g  of  caus-r 
tic  potash  was  dissolved  by  heating  it  in  60  ml  of  anhydrous  methanol,  and  the 
solution  was  transferred  to  a  glass  tube.  I5  g  of  the  chloride  was  added,  and 
the  tube  was  sealed  and  heated  to  J0-d0°  for  6  hours  over  a  water  bath.  Then 
the  reaction  mixture  was  transferred  to  a  flask  connected  to  a  Widmer  dephlegm- 
ator  to  drive  off  the  isopropenylacetylene.  This  yielded  1.1  g  of  isopropenyl¬ 
acetylene  with  a  b.p.  of  33-35°*  The  residue  was  treated  with  water,  the  result¬ 
ing  upper  layer  being  desiccated  with  calcium  chloride  and  fractionated,  yield¬ 
ing  8.9  g  of  the  methyl  ether  .of  dimethylethynylcarbinol. 

B.p.  8l“;  n|°  1.4015;  d|°  0.8135;  M^D  29*30,  computed  29-54. 

0.0878  g  substance:  O.235O  g  CO2;  O.O836  g  H2O.  Found  %:  C  72.99; 

H  10.58.  CeHioO.  Computed  C  73.46;  H  10.20. 

4* 

•  In  1949  there  appeared  a  paper  by  Hurd  and  McPee  [e] ,  in  which  they  assert  that  the  reaction  of  di- 
methylethynylcarbinol  with  hydrochloric  acid  yields  2  methyl-3-chlorobutadiene-l,3,  which  is  in  com¬ 
plete  contradictiOE?  with  the  results  of  my  investigations  of  this  reaction.  In  1950  Hennon,  Heeghen, 
and  Maloney  [’]  refuted  the  findings  of  Hurd  and  McSfee  as  being  unfounded  in  fact  and  came  to  the  same 
conclusions  as  I  had  considerably  earlier,  i.e.,  that  the  reaction  of  dimethylethynylcarbinol  with  ^ 
hydrochloric  acid  yields  dimethylethynylchloromethane  as  the  principal  reaction  product. 
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Action  of  sodium  methylate  on  dimethylethynylchloromethane  in  methanol . 

20  g  of  the  chloride  was  added  to  the  methylate,  prepared  from  5  g  of  sodium 
and  85  g  of  methanol.  The  reaction  mass  was  then  heated  with  a  reflux  conden¬ 
ser  for  2  hours  over  a  water  hath.  Further  processing  of  the  mixture  yielded 
about  2  g  of  isopropenylacetylene  and  10  g  of  the  methyl  ether  of  dimethyleth- 
ynylcarbinol,  with  a  b.p.  of  80-82®;  n§°  1.4020. 

Action  of  potassiiMi  phenolate  on  dimethylethynylchloromethane.  A  solu¬ 
tion  of  15  g  of  KOH  in  I5  g  of  water  was  gradually  added,  with-  constant  stir¬ 
ring,  to  20  g  of  fused  phenol,  after  which  the  reaction  mass  was  cooled  with 
water  while  I5  g  of  dimethylethynylchloromethane  was  added  drop  by  drop.  The 
reaction  mass  was  then  heated  for  3  hours -over  a  water  bath,  after  which  it 
was  diluted  with  water  and  extracted  with  ether.  The  ether  extract  was  desic¬ 
cated  with  calcium  chloride,  the  ether  was  driven  off,  and  the  residue  was  frac¬ 
tionated  in  vacuum,  yielding  five  fractions  that  distilled  in  the  80-220°  range 
at  10  mm.  The  first  three  fractions,  which  distilled  at  8O-IO5*  and  10  mm,  were 
again  treated  with  an  aqueous  alkali  solution.  Refractionation  of  these  frac¬ 
tions  yielded  the  phenyl  ether  of  dimethylethynylcarbinol,  with  a  b.p.  of  82-83® 
at  11  mm; 

n|°  I.515O;  d|°  0.9838;  MRp  49.15;  computed  49, 04. 

0.1244  g  substance;  O.378O  g  CO2I  O.O9OO  g  H2O.  Found  C  82.11; 

H  8.03.  C11H12O.  Computed  C  82. 5O;  H  7.5* 

Synthesis  of  the  methyl  ether  of  dimethylethynylcarbinol  from  the  carbinol 
and  methanol.  A  mixture  of  20  g  of  dimethylethynylcarbinol,  12  g  of  methanol, 
and  1.5  ml  of  concentrated  sulfuric  acid  was  heated  for  6  hours  over  a  water 
bath.  Then  the  reaction  mass  was  diluted  with  water,  and  the  top  layer  was 
desiccated  with  calcium  chloride  and  distilled,  yielding  3-5  g  of  the  methyl 
ether  of  dimethylethynylcarbinol,  with  a  b.p,  of  8I-82*;  n^°  1.4025;  df®  0.8i4Q. 

Synthesis  of  the  ethyl  ether  of  dimethylethynylcarbinol  from  the  carbinol 
and  ethyl  alcohol.  I5  g  of  dimethylethynylcarbinol,  10  g  of  ethyl  alcohol,  and ^ 

2  mL  of  concentrated  sulfuric  acid  were  heated  together  for  10  hours  over  a  boil¬ 
ing  water  bath.  Processing  of  the  reaction  mass  yielded  5«5  g  of  the  ethyl 
ether  of  dimethylethynylcarbinol,  with  a  b.p.  of  95-9^"  at  7^0  mm;  nn°  1.4050; 

d|°  0.8132. 

Action  of  sodium  methylate  on  the  allene  chloride;  1-c hi or o-3-me thylbuta- 
diene-1,2  in  methanol.  I5  g  of  the  allene  chloride  was  added  to  a  saturated 
solution  of  the  methylate,  prepared  from  4  g  of  sodium.  The  reaction  mass  was 
then  heated  to  150*  for  10  hoiirs  in  a  sealed  tube,  nearly  the  theoretical  quan¬ 
tity  of  sodium  chloride,  8.3  g  (the  theory  calling  for  8.8  g)  being  precipitated. 
Then  the. whole  mixture  was  treated^- with  water,  and  the  top  layer  was  separated 
and  desiccated  with  calcium  chloride.  Fractionation  yielded  2.1  g  of  the  methyl 
ether  and  several  high  boiling  fractions; 

B.p.  56-58°  at  110  mm,  97-100°  at  760  mm;  n|°  1.4575;  d|°  0,8562; 

MRp  31«20;  computed  3O.62. 

0.0976  g  substance:  O.263O  g  CO2;  O.O89O  g  H2O.  Found  C  73.49; 

H  10.13;  CeHioO.  Computed  C  73*46;  H  10.20. 

The  resulting  ether  did  not  form  a  precipitate  when  treated  with  ammoniacal 
silver  nitrate. 

Saponification  of  the  ether.  I.5  g  of  the  ether  was  thoroughly  stirred 
with  20  ml  of  5^  sulfuric  acid  for  I5  minutes  at  room  temperature,  all  the  ether 
layer  dissolving.  10  ml  was  driven  off  from  the  solution  and  divided  into  two 
parts,  2,4-dinitrophenylhydrazlne  being  added  to  the  first,  and  semicarbazide 


1598 


to  the  second.  The  2,4-dinitrophenylhydrazone  and  the  semicarbazone  were  formed 
very  quickly.  After  recrystallization  from  alcohol  the  2,4-dlnitrophenylhydra- 
zone  had  a  m.p.  of  175-176°,  while  that  of  the  semicarbazone  was  219-220®.  Ac¬ 
cording  to  T. A-.Favorskaya,  the  2,4-dinitrophenylhydrazone  of  dimethylacrolein 
melts  at  175-176°,  while  the  semicarbazone  melts  at  225-224®  (at  221-222*  ac¬ 
cording  to  Fisher). 

Reaction  between  dimethylethynylchloromethane  and  methanol.  I50  ml  of  ab¬ 
solute  methanol  and  25  g  of  dimethylethynylchloromethane  were  poured  .into  a 
three-necked,  round-bottomed  flask  fitted  with  a  dropping  funnel,  a  mechanical 
stirrer,  and  a  reflux  condenser.  A  few  crystals  of  phenolphthalein  were  thrown 
into  the  reaction  mass,  which  was  then  heated  to  60®  while  stirred  continuously 
by  the  mechanical  stirrer.  An  alcoholic  solution  of  alkali  was  added  a  drop 
at  a  time  from  the  dropping  funnel.  The  dropping  rate  was  regulated  so  as  to 
keep  the  solution  at ^the  boundary  between  the  colorless  state  and  a  faint  pink 
color.  The  reaction  was  continued  until  the  solution  acquired  a  permanent  vio¬ 
let  color  that  did  not  vanish  with  further  heating  of  the  mixtirre.  A  total  of 
80  hours  was  required  for  this  reaction.  The  reaction  mixture  was  then  frac¬ 
tionated  with  a  Widmer  dephlegmator  to  Isolate  the  isopropenylacetylene,  about 
1  g  of  a  fraction  with  a  b.p.  of  51-34°  being  recovered.  The  residue  was  di¬ 
luted  with  water  and  extracted  several  times  with  ether.  The 'ether  extracts 
were  combined  and  desiccated  with  calcium  chloride,  after  which  the  ether  was 
driven  off  into  the  Widmer  dephlegmator, ‘and  the  residue  was  fractionated.  < 

This  yielded  I8.5  g  of  the  methyl  ether  of  dimethylethynylcarbinol,  with  a  b.p. 
of  81-85°  at  760  mm3  1.4005,  and  0.9  g  of  a  fraction  that  distilled  at  40- 
56“  at  110  mm,  n^°1.4ll0. 

Reaction  between  dimethylethynylchloromethane  and  ethyl  alcohol .  This 
'  reaction  was  similar  to  the  preceding  one,  a  solution  of  50  g  of  the  chloride  < 
in  100  ml  of  ethyl  alcohol  being  heated  to  80°,  with  constant  stirring,  over  a 
water  bath.  The  solution  turned  somewhat  yellow  during  the  first  20-50  hours 
of  heating,  though  it  remained  transparent  and  clear  enough;  the  mediiim  was 
kept  neutral,  as  fn  the  previous  experiment,  by  adding  an  alcoholic  solution  ■ 
of  alkali  drop  by  drop  in  the  presence  of  phenolphthalein.  As  heating  was  con¬ 
tinued,  however,  the  reaction  mixture  gradually  turned  brown.  Further  alcoholic 
alkali  was  added  very  slowly.  Samples  of  the  reaction  medium  were  taken  at  in¬ 
tervals  with  a  pipet  and  were  tested  for  their  hydrochloric -acid  content  after 
they  had  been  diluted  with  water.  The  neutrality  of  the  medium  could,  of  coiirse, 
not  be -maintained  as  accurately  in  this  manner  as  in  the  preceding  reaction. 

After  the  reaction  was  complete,  about  1  g  of  a  fraction  with  a  b.p.  of  51-35° 
was  driven  off  from  the  mixture,  while  treating  the  reaction  mixture  with  water 
followed  by  fractionating  the  reaction  products  yielded  12. 7. g  of  the  ethyl 
ether  of  dimethylethynylcarbinol.  Fractionation  of  the  final  residue  yielded 
0.8  g  of  a  fraction  with  a  b.p.  of  105-120*  at  50  mm;  n^°  1.4947. 

Heating  dimethylethynylchloromethane  with  ethyl  alcohol.  20  g  of  dimethyl¬ 
ethynylchloromethane  and  50  g  of  ethyl  alcohol  were  heated  together  in  a  sealed 
tube  for  10  hours  the  solution  turning  dark  brown.  The  reaction  mass  was  irans-, 
ferred  to  a  flask  fitted  with  a  Widmer  column  and  distilled  over  a  water  bath. 

This  yielded  12.1  g  of  a  fraction  with  a  b.p.  of  20-55°  at  76O  mm.  Refraction¬ 
ation  of  this  fraction  yielded  7  g  of  a  fraction  with  a  b.p.  of  22-25°,’  2.5  g  of 
a  fraction  with  a  b.p.  of '25-55*.,  and  2.4  g  of  Isopropenylacetylene,  with  a  b.p. 
of  53-34°  The  low-boiling  fraction  displayed  a  positive  reaction  when  given  the 
Beilstein  test  for  halogen.  We  did-  not  investigate  this  fraction  any  further. 

The  residue  left  behind  after  the  low-boiling  products  had  been  driven  off  was 
diluted  with  water  and  extracted  with  ether.  Driving  off  the  ether  and  fraction¬ 
ating  the  residue  yielded  2.9  g  of  the  ethyl  ether  of  dimethylethynylcarbinol 
with  a  b.p.  of  93-94°;  ngo  i.4060. 
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Heating  I-chloro-*3-methylbutadlene-l ,2  vlth  ethyl  alcohols  20  g  of  the 
allene  chloride  and  50  g  of  ethyl  alcohol  were  heated  to  l4D°  in  a  sealed  tube 
for  12  hours.  Some  pressure  was  found  to  exist  when  the  tube  was  opened,  while 
there  was  a  large  amount  of  tar  at  the  bottom  of  the  tube.  Fractionation  of  the 
reaction  mixture  yielded  8.3  g  of  a  fraction  with  a  b.p.  of  20-38®,  most  of  which 
/  distilled  at  22-24®  when  it  was  redistilled.  We  were  unable  to  isolate  any  other 
reaction  products  from  the  mixture. 

Action  of  KOH  on  dimethylvlnylethynylchloromethane  in  methanol.  25  g  of 
KOH  was  dissolved  in  l66  ml  of  methanol,  and  40  g  of  dimethylvlnylethynylchloro- 
methane  was  added  to  the  resulting  solution.  The  mixture  was  heated  for  4.5  hours 
over  a  water  bath.  Then  the  reaction  mixtiire  was  diluted  with  water  and  extracted 
several  times  with  ether.  The  ether  extracts  were  desiccated  with  calcium  chlor¬ 
ide,  the  ether  was  driven  off,  and  the  residue  was  fractionated  in  vacuum  with  a 
Widmer  column,  yielding  7  g  of  the  hydrocarbon  2-methylhexadien-2,5-yne-3^  with  a 
b.p.  of  42-44®  at  60  mmj  hgP  1.49553  17.5  g  of  the  methyl  ether  of  dimetl;iyl- 

vinylethynyl  carbinol,  with  a  ,m.p.  of  59-61°  at  48  mmj  n§°  1.4520j  df®  0.8445. 
Fractionation  of  the  residue  from  a  small  Arbuzov  flask  yielded  0,7  g  of  a  frac¬ 
tion  with  a  b.p.,  , of  52-55**  at  16.5  mmy  n^°  1.4628, 

According  to  I.N.Uazarov  [a],  2-methylhexadien-2,5-yne-3  has  the  follow¬ 
ing  constants:  b.p.  46®  at  85  mm;  n^^  I.498O;  df®  O.796O,  while  those  of 

the  methyl  ether  of  dime thy Ivinylethynylcarblnol  are:  b.p.  29-30°  at  8  mm; 

ngs  1.454O;  di®  0.8497. 

Action  of  sodium  ethylate  on  dimethylvinylethynylchloromethane  in  methanol . 
Experiment  1. 8. 2  g  of  sodium  was  dissolved  in  132  ml  of  absolute  methanol,  and 
40  g  of  the  chloride  was  added  to  the  solution.  The  reaction  mass  was  heated  for 
4.5  hours  over  a  water  bath,  and  then  the  alcohol  was  driven  off  and  diluted  with 
water.  The  upper  layer  was  separated  and  combined  with  the  ether  extracts  made 
from  the  aqueous  layer.  The  salt  residue  in  the  flask  was  likewise  treated  with 
water  and  extracted  with  ether.  Ail  the  ether  extracts  were  combined  together 
and  desiccated  with  calcium  chloride,  after  which  the  ether  was  driven  off,  and 
the  residue  was  fractionated  in  vacuum.  This  yielded  10. 3  g  of  2-methylhexadien- 
-2,5-yne-3i  with  a  b.p.  of  40-4l®  at  63  1.4955;  df®  O.7832,  and  l6.4g 

of  the  methyl  ether  of  dimethy Ivinylethynylcarblnol*,  with  a  b.p.  of  58-6O®  at 
59  mm;  n^^  1.4520;  df®  0.8430.  Fractionating  the  residue  yielded  O.7  g  of  a 
fraction  with  a  b.p.  of  58“  at  26  mm;  n^®  1.4715- 

Experiment  2.  A  solution  of  sodium  methylate  was  prepared  with  8.2  g  of 
sodium  and  89  ml  of  methanol.  40  g  of  the  chloride  was  added  to  the  solution, 
and  then  the  reaction  mixture  was  heated  for  5  hours  over  a  water  bath.  Pro¬ 
cessing  of  the  reaction  mixture  yielded  8.7  g  of  the  hydrocarbon,  with  a  b.p. 
of  59-40*  at  61  mm;  n^®  1.4955>  and  12. 5  g  of  the  methyl  ether,  with  a  b.p,  of 
58-59“  at  16  mm;  ng°  1.4520. 

Action  of  sodjijun  acetate  upon  dlmethylvinylethynylchloromet.hane.  9-2  g 
of  sodium  acetate  was  dissolved  in  50  ml  of  glacial  acetic  acid,  and  25  g  of  di- 
methylvinylethynylchloromethane  was  added  to  the  solution.  The  mixture  was 
heated  to  80°  with  a  reflux  condenser  for  8  hours.  Then  the  reaction  mixture 
was  treated  with  watet,  and  the  resultant  upper  layer  treated  with '10^  aqueous 
soda.  The  aqueous  residue  left  after  the  reaction  mixture  had  been  treated 
with  water  was  extracted  with  ether,  and  the  ether  extract  was  added  to  the 
separate  upper  layer.'  Desiccation  and  fractionation  of  the  reaction  products 
yielded '3*5  g  oT  the  hydrocarbon  2-methylhexadien*2,5-yne-3,  with  a  b.p,  of  32* 
at  42  mm;  n§®  1.4938,  and  8.4  g  of -the  acetate  of  dlmethylvinylethynylcarbinol, 
with  a  b.p.  of  70-72®  at  l6‘ mm;  ng®  1.4659;  df®  0.9404. 

In  a  second  test,  46.6  g  of  potassium  acetate  and  50  g  of  the  chloride 
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were  heated  together  in  100  ml  of  glacial  acetic  acid.  Processing  of  the  reac¬ 
tion  mixture  yielded  1.7  g  of  the  hydrocarbon,  with  a  b.p.  of  27-31“  at  UO  mm}  ‘ 
n§°  1.14-960,  and  23.8  g  of  the  acetate  of  dime  thy  Ivinylethynylcarbinol,  with  a 
b.p.  of  62-63“  at  10  mm}  ng°  1.4625}  d|°  0.9404. 

According  to  I. N. Nazarov  [2],  the  acetate  of  dime thy Ivinylethynylcarbinol 
he  secured  by  reacting  the  dimethylvinylethynylcarbinol  with  acetic  an¬ 
hydride  in  sulfuric  acid  had  the  following  constants:  b.p.  59-60“  at  7  nim} 

ngs  I.465O}  di^  0.9453.  ' 

Saponification  of  dimethylvinylethynylchloromethane.  I50  ml  of  water,  60 
g  of  calcium  carbonate,  and  60  g  of  the  chloride  were  placed  in  a  flask  fitted 
with  a  reflux  condenser  and  a  mechanical  stirrer.  The  reaction  mixture  wa^s 
stirred  for  30  hours  at  room  temperature,  all  the  chloride  entering  solution. 
The  resulting  solutions  was  repeatedly  extracted  with  ether,  the  ether  ex-tract 
was  desiccated  with  sodium  sulfate,  the  ether  was  driven  off,  and  the  residue 
was  distilled  in  vacuum. 

This  yielded  31.7  8  of  dimethylvinylethynylcarbinol,  with  a  b.p.  of  60“ 

at  15  mm}  n|°  1.4755 » 

SUMMARY 


1.  Reacting  alcoholic  solutions  of  alcoholates  and  an  alcoholic  alkali 
with  dimethylethynylchloromethane  and  dimethylvinylethynylchloromethane  under 
conditions  that  favor  a  bimolecular  reaction  yielded  ethers  of  dlmethylethynyl- 
carbinol  and  dimethylvinylethynylcarbinol  and  isopropenylacetylene  and  Isopro- 
penylvlnylac e ty lene ,  respective ly . 


2.  The  reaction  of  the  same  reagents  with  the  allene  chloride  l-chloro-3- 
methylbutadiene-1,2  in  methanol  resulted  in  a  low  yield  of  the  methyl  ether  of 
l-methoxy-5-niethylbutadiene-l,2. 


3.  The  monomolecular  alcoholysis  of  dimethylethynylchloromethane  yielded 
ethers  of  dimethylethynylcarbinol  plus  a  negligible  amount  of  isopropenylacetyl¬ 
ene. 

<  > 
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ACETYLENE  -  ALLENE  RBAHRAN6EMENTS 


III.  The  Action  of  Organomagnesium  Compounds 
on  Dimethylvinylethynylchloromethane 


A.  N.  Pudovik  and  L.  A.  Mukhamedova 


The  action  of  organomagnesium  compounds  upon  allyl  halogen  isomers  has 
been  investigated. fairly  thoroughly  by  now.  Prevost  and  Kirrman,  who  were  the 
first  to  explore  such  reactions,  believed  that  they  are  ionic.  They  offered  no 
proof,  however,  of  the  ionic  nature  of  these  reactions j  in  most  instances  they 
Investigated  the  reaction  of  organomagnesium  compounds  with  some  one  of  the 
allyl  halogen  compounds,  from  which  no  conclusions  could  be  Inferred  regarding 
the  nature  of  the  reactions.  This  proof  has  been  adduced  by  one  of  the  present 
authors  in  a  more  rigorous  form;  a  mixture  of  nearly  identical  methoxyphenyl- 
pentenes  was  secured  by  reacting  phenylmagnesium  bromide  with  Isomeric  methoxy- 
chloropentenes.  Reacting  various  organomagnesium  compounds  with  isomeric  ethoxy 
chloropentenes  yielded  ethoxy  alkyl  pentenes,  with  structures  conforming  to  those 
of  the  original  chloride  [i]. 

In  the  course  of  these  researches  the  interesting  question  arose  of  explor¬ 
ing  the  reactions  of  organomagnesium  compounds  with  acetylenic  and  allenic  chlor¬ 
ides,  ascertaining  the  feasibility  of  carrying  out  acetylene -allene  rearrange¬ 
ments  during  these  reactions,  and  determining  the  nature  of  the  latter.  Reaching 
these  objectives  involved  much  more  difficulty  than  was  the  case  for  the  allyl 
isomers,  inasmuch  as  the  Investigation  of  their  reactions  is  practically  confined 
to  compounds  of  the  acetylenic  halogen  type  (allene  halogen  compounds  not  being 
reactive),  while  separation  of  the  resultant  isomeric  hydrocarbons  by  fraction¬ 
ation  is  practically  impossible  because  of  their  close  boiling  point  We  had 
to  resort  to  oxidation  or  ozonation  on  the  whole  to  judge  the  composition  of 
the  products. 

There  is  a  recent  paper  by  A. I. Zakharova  [2]  in  the  literature,  dealing 
with  reactions  of  organomagnesium  compounds  with  acetylene  halogen  compounds. 

By  reacting  methylmagnesium  bromide  with  2-chloro-2-methylpentyne-3^  for  example, 
she  secured  a  product  with  a  b.p.  of  82-84°,  which  was  recognized  from  the  oxid¬ 
ation  data  to  be  nonhomogeneous,  consisting  of  tetramethylallene  and  a  much 
smaller  proportion  of  methyl- ter j^-butylallene . 

A.  I- Zaldiarova  is  of  the  opinion  that  the  formation  of  anomalous  reaction 
products  is  not  due  to  subsequent  isomerization  of  the  normal  product  initially 
formed  from  the  chloride  and  the  organomagnesium  compound,  but  is  rather  the 
result  of  intramolecular  rearrangement  at  the  Instant  of  reaction.  Nor  does 
she  reject  the  possibility  that  the  reactions  she  Investigated  are  ionic,  like 
the  reactions  of  allyl  compounds. 

We  have  made  a  study  of  the  reaction  of  phenylmagnesium  bromidfe  and  ethyl 
magnesium  bromide  with  dlmethylvinylethynylchloromethane .  Reacting  phenylmag¬ 
nesium  bromide  with  fiimethylvinylethynylchloroipethane  yielded  a  product  that 
had  the  following  constants  after  refractionation:  b.p.  94-96°  at  7  nunj; 
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1.5390;  df®  0.9223. 

Oxidation  of  the  resultant  product  with  potassium  permanganate  yielded  acet¬ 
one,  benzoic  acid,  and  dimethylphenylacetic  acid.  The  acetone  was  identified  as 
its  semicarbazone,  the  benzoic  acid  by  its  melting  point,  and  the  dime thy Iphenyl-' 
acetic  acid  by  its  boiling  point,  its  decomposition  by  sulfuric  acid  (evolving  a 
large  amount  of  carbon  monoxide),  and  analysis  of  its  silver  salt.  We  concluded 
from  the  oxidation  findings  that  the  product  of  the  reaction  between  phenylmagnes- 
ium  bromide  and  dimethylvinylethynylchloromethane  is  not  an  individual  compound, 
but  rather  a  mixture  of  isomeric  acetylene  and  allene  hydrocarbons. 

As  for  the  nature  of  the  reaction  involved,  our  results  do  not  enable  us  to 
furnish  a  coi^plete  picture  of'  the  process,  though  we  can  assert  with  confidence 
that  the  allene  hydrocarbon  is  formed  in  a  monomolecular  reaction,  involving  the 
intermediate  formation  of  a  carbonium  ion. 

The  mechanism  involved  in  the  formation  of  the  acetylene  hydrocarbon  -  2- 
methyl-2-phenylhexen-5-yne-5  ~  is  less  apparent:  it  may  be  formed  either  in  a 
monomolecular  reaction  or  a  bimolecular  reaction  or,  again,  by  the  two  conjointly; 
our  experimental  results  allow  of  no  definite  conclusions  upon  this  point. 

We  likewise  made  a  study  of  the  reaction  of  dimethyl vinylethynylchloro- 
methane  with  ethylmagnesium  bromide.  Here  again,  we  seciired  only  a  single  hydro¬ 
carbon  with  a  b.p.  of  43-^4. 5“  at  30  mm;  n^®  1.4630;  df®  O.7782,  though  oxidizing 
it  with  potassium  permanganate  enabled  us  to  secure  and  identify  the  following 
products:  acetone  and  formic  and  dime  thy  le  thy  lace  tic  acids,.  The  acetone  was 
Identified  by  preparing  its  semicarbazone,  the  formic  acid  by  its  constants  and 
by  reducing 'it  with  silver  oxide  and  merciiric  chloride,  and  the  dime thyle thy  1- 
acetic  acid  by  its  constants.  A  more  detailed  analysis  of  the  dimethylethyl- 
acetic  acid  fraction' disclosed,  however,  that  it  was  not  homogeneous,  containing 
a  minute  quantity  of  2-ketobutyric  acid.  This  was  shown  by  the  fact  that  the 
product  displayed  positive,  even  though  not  very  pronounced,  reactions  for  a 
carbonyl  group  with  sodium  nitroprusside,  ^-naphthol,  and  ammoniacal  silver 
nitrate.  It  was  impossible  to  separate  the  two  acids,  owing  to  the  closeness 
of  their  boiling  points;  analysis  of  the  silver  salt  gave  values  that  lay  in 
between  those  calculated  for  the  two  acids. 

Ozonation  of  the  product  likewise  failed  to  give  precise  results,  yielding 
formic  acid,  oxalic  acid,  and  dlmethylethylacetic  acid,  the  latter  contaminated 
with  traces  of  formic  acid  and  possibly  of  a-ketobutyrlc  acid. 

Our  findings  Indicate  that  the  reaction  of  ethylmagnesium  bromide  with  di- 
methylvinylethynylchloromethane  Involves  a  partial  acetylene-allene  rearrangement, 
as  was  the  case  with  benzenemagneslum  bromide.  The  reaction  involving  the  rear¬ 
rangement  is  doubtless  monomolecular. 

EXPERIMENTAL 

Action  of  benzenemagneslum  bromide  on  dimethylvlnylethynylchloromethane.  To 
an  ether  solution  of  benzenemagneslum  bromide,  prepared  with  lOTS^  g  of  magnesium 
and  70  g  of  bromobenzene  in  15O  ml  of  absolute  ether,  ^0  g  of  dimethylvinyleth- 
ynylchloromethane  was  added  drop  by  drop,  with  constant  stirring  by  a  mechanical 
stirrer  and  water-cooling.  The  reaction  involved  the  evolution  of  .considerable 
heat.  After  all  the  chloride  had  been  added,  the  contents  of  the  flask  solidified 
to  a  gelatinous  mass.  The  reaction  mixture  was  heated  to  60°  for  4  hours  over  a 
water  bath.  Then  it  was  treated  with  water  and  dilute  hydrochloric  acid,  and  the 
ether  layer  was  separated  and 'desiccated  with  calcium  chloride.  The  residue  left 
after  the  ether  had  been  driven  off  was  fractionated  from  an  Arbuzov  flask  with 
pyrogallol  added,  yielding  the  following  fractions; 
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B.p.  75-9^°  at  7  nun  ~  a  few  drops j  b.p.  9^-96°  at  7  nun  “  l4.8  g)  b.p.  96- 
112°  at  7  nun  -  2.2  gj ’ the  residue  consisted  of  a  large  amount  of  tar.  The  cons¬ 
tants  of  the  second  fraction  were  as  follows  after  refractionation  with  a  Widmer 
dephlegmator : 

B.p.  94-96°  at  7  mm;  n|°  1.53905  ^4°  0.9223;  MRp  57*735  computed  for 

C13H14F  ir4.  56.16;  for  ci3Hi4r6  57.23. 

0.0919  g  substance;  O.3O8O  g  CO2;  0.0684  g  H2O.  0,0912  g  substance; 

0.3046  g  CO2;  0.0676  g  H2O.  Found  C  91*^1,  91.l4;  H  8.83,  8.29. 

C13H14.  Computed  C  91*775  H  8.23. 

Oxidation  of  the  hydrocarbon  with  a  b.p.  of  94-96°  at  7  mm.  7.9  g  of  the 
hydi’ocarbon  was  added  to  300  ml  of  water,  and  pulverized  potassium  permanganate 
was^  added  to  the  resulting  mixture  a  little  at  a  time,  with  vigorous  stirring 
and  cooling  by  running  water,  a  total  of  40  g  being  added.  The  reaction  mix- 
tfureo  was  allowed  to  stand  overnight  at  room  temperature,  after  which  it  was 
transferred  to  a  round-bottomed  flask,  and  about  40  ml  of  the  solution  was  dis¬ 
tilled  off.  The  distillate  was  desiccated  with  potash,  and  some  I5  ml  of  the 
solution  was  redistilled  from  it.  The  new  distillate  had  the  characteristic 
odor  of  acetone:  the  semicarbazorfe  was  precipitated  when  semicarbazide  was  added 
to  it.  Recrystallized  from  methanol,  the  semicarbazone  had  a  m.p.  of  189-I9O* 
and  exhibited  no' depression  of  the  melting  point  when  mixed  with  the  semicarb¬ 
azone  of  pure  acetone. 

After  the  neutral  products  had  been  driven  off  and  the  manganese  dioxide 
had  been  filtered  out,  the  aqueous  salt  solution  was  evaporated  almost  -  to  dry¬ 
ness,  the  salts  were  decomposed  with  dilute  sulfuric  acid,  and  the  organic  acids 
were  extracted  repeatedly  with  ether.  The  ether  extract  was  desiccated  with 
calcium  chloride,  the  ether  was  driven  off,  and  the  residue  was  fractionated  in  / 

vacuum,  yielding  two  fractions:  b.p.  l40-l46°  at  12  mm  —  3*4  g;  and  b.p,  146-150° 
at  12  mm  -  3.1  g.  Fraction  1  consisted  mainly  of  benzoic  acid  (m.p.  120-121°). 

The  second  fraction  was  chilled  for  a  long  time  at  0° ,  turning  into  a  thick  oily 
liquid  containing  a  few  crystals  of  benzoic  acid.  The  crystals  were  filtered  out 
out,  and  the  liquid  was  tested  for  its  dimethylphenylacetic  acid  content  by  heat¬ 
ing  it  with  concentrated  sulfuric  acid. 

In  conformity  with  the  data  in  the  literature,  heating  tiirned  the  solution 
yellow,  carbon  monoxide  being  liberated  violently  for  a  long  time.  Vlhen  ignited, 
the  carbon  monoxide  burned  with  a  small  blue  flame.  The  boiling  point  of  the 
fraction,  146-150  mm  at  10  mm,  conformed  to  the  figure  given  in  the  literature 
for  dimethyl -phenylace tic  acid. 

By  way  of  conclusively  proving  the  presence  of  dimethylphenylacetic  acid  in 
this  fraction,  we  neutralized  it  with  ammonium  carbonate  and  ^^precipitated  it - 
fractionally  with  silver  nitrate.  This  yielded  three  silver  salt  fractions.  The 
analyses  of  the  second  and  third  silver  salt  fractions  corresponded  to  that  of 
dimethylphenylacetic  acid.  • 

0.1299  g  salt:  0.0508  g  Ag.  0.1260  g  salt::  O.0496  g  Ag.  Found 

Ag  39.10,  39.37.  CioHii02Ag.  Computed^;  Ag  39*84. 

Analysis  of  the  first  fraction  indicated  a  much  higher  percentage  of  silver, 
apparently  because  of  the  presence  of  a  trace  of  silver  benzoate.  , 

Action  of  e thy Imagne slum  bromide  on  dimethylvlnylethynylchloromethane.  50 
g  of  dlmethylvinylethynylchloromethane  was  gradually  added,  with  water-cooling, 
and  constant  stirring,  to  an  ether  solution  of  ethylmagnesium  bromide,  prepared 
with  11.1  g  of  magnesium,  50  g  of  ethyl  bromide,  and  I50  ml  of  absolute  ether. 

The  reaction  was  very  intense,  much  heat  being  evolved.  After  all  the  chloride 
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had  "been  added,  the  reaction  mass  was  heated  to  60*  for  3  hours  over  a  water  bath. 
Then  it  was  processed  as  In  the  preceding  experiment.  The  ether  extract  was  fil¬ 
tered  and  desiccated,  and  the  ether  was  driven  off,  the  residue  being  fraction¬ 
ated  from  an  Arbuzov  flask  containing  pyrogallol.  Three  fractions  were  collected: 
b.p.  30-45°  at  30  mm  -  a  few  dropsj  b.p.  43-46°  at  30  mm  -  21.7°,  up  to  50° 

at  10  mm  -  5.1  g|  the  flask  contained  considerable  tar  as  a  residue.  Refraction- * 
ation  of  these  fractions  yielded  a  substance  with  the  following  constants: 

B.p.  43-44.5°  at  30  mm;  n|°  "1.4630  df®  O.7782;  MRp  43,17;  computed 

for  CgHi4r3:  42.36,  for  C9Hi4^F  41.29.  O.O892  g  substance:  0,2888  g 

CO2;  0.0904  g  H2O,  Found  C  88.28;  H  11.34.  C9H14.  Computed 

C  88.52;  H  11.47.  , 

Oxidation  of  the  hydrocarbon  with  potassium  permanganate.  76  g  of  pulver¬ 
ized  potassium  permanganate^  was  gradually  added,  with  chilling  and  vigorous  stir¬ 
ring,  to  11  g  of  the  hydrocarbon  in  6OO  ml  of  water.  After  all  the  permanganate 
had  been  added,  which  took  2.5  hours,  the  reaction  mass  was  set  aside  to  stand 
for  24  hours  at  room  temperatirre .  The ■ supernatant  solution  above  the  manganese 
dioxide  clarified.  The  reaction  mass  together  with  the  manganese  dioxide  precip¬ 
itate  was  transferred  to  a  round -bottomed  flask,*  and  about  20  ml  of  distillate 
was  distilled  from  it  with  steam.  The  distillate  had  the  characteristic  odor 
of  acetone,  while  adding  free  semicarbazide  to  it  quickly  threw  down  the  acetone 
semlcarbazone.  After  recrystallization  from  methanol  -the  semicarbazone  had  a 
melting  point  of  188-I9O*  and  exhibited  no  depression  of  the  melting  point  when 
mixed  with  a  semicarbazone  prepared  from  pure  acetone.  After  the  manganese  di¬ 
oxide  had  been  filtered  out,  the  filtrate  was  evaporated  to  dryness,  and  the 
salts  of  the  organic  acids  were  decomposed  with  dilute  sulfuric  acid  and  extracted 
with  ether.  The  ether  extract  was  desiccated  with  calcium  chloride,  the  ether 
was  driven  off,  and  the  residue  was  distilled  from  an  Arbuzov  flask  at  atmospheric 
pressure.  Three  fractions  were  collected:  b.p.  101-108°  -  2  g;  b.p.  108-l80°  - 
0.3  g;  and  b.p.  l80-192°  -  4.0  g.  The  first  fraction  had  a  b.p.  of  100-102° 
after  redistillation  and  proved  to  be  formic  acid.  When  it  was  added  to  ammonia- 
cal  silver  nitrate  a  black  precipitate  of  silver  was  thrown  down,  while  adding  it 
to  a  solution  of  mercuric  chloride  threw  down  a  white  precipitate  of  calomel. 
Refractionation  of  the  second  and  third  fractions  with  a  Widmer  column  yielded  a 
fraction  with  a  b.p.  of  I86-I88*,  n^®  1.4l68,  the  constants  of  which  approximated 
dime thylethylace tic  acid.  Further  investigation  of  this  substance  demonstrated, 
however,  that  it  was  not  homogeneous,  but  apparently  contained  a  trace  of  a-keto- 
butyric  acid,  since  it  displayed  a  positive,  even  though  not  very  marked  reaction 
for  the  presence  of  a  carbonyl  group.  Adding  the  substance  to  a  solution  of  sod¬ 
ium  nitroprusside  turned  the  solution  red,  w^hile  adding  it  to  a  solution  of  P- 
naphthol  in  concentrated  sulfuric  acid  turned  the  solution  orange-red.  Hehting 
the  substance  with  ammoniacal  silver  nitrate  coated  the  test  tube  walls  with  a 
small  silver  mirror.  We  were  unable  to  separate  the  two  acids  owing  to  the  prox¬ 
imity  of  their  boiling  points.  Analysis  of  the'  silver  salt  yielded  a  percentage 
of  silver  that  was  intermediate  between  those  calculated  for  dlmethylethyl  acetic 
and  a-ketobutyric  acids. 

Ozonation  of  the  hydrocarbon.  A  current  of  ozonized  oxygen  was  passed 
through  a  solution  of  10  g  of  the  hydrocarbon  in  "JO  ml  of  chloroform  for  23  hour^s. 
The  chloroform  was  driven  off  in  vacuum,  and  the  residual  ozonlde,  a  thick  trans¬ 
parent  resin,  was  decomposed  by  heating  it  with  30  nil  of  water  for  5  hours  and 
then  with  hydrogen  peroxide  present  for  another  6  hours.  The  volatile  products 
were  driven  off  together  with  the  water,  first  at  atmospheric  pressure  and  then 
in  a  slight  vacuum.  The  residue,  which  was  a  tarry  mass,  was  boiled  with  water. 
After  most  of  the  water  had  been  boiled  away,  crystals  of  oxalic  acid  settled 
out  of  the  remaining  solution;  they  had  a  melting  point  of  I98-I99*  after 
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recry^tallization  .  from  water  and  exhibited  no  depression  of  the  melting  point 
when  mixed  with  pure  oxalic  acid.  The  aqueous  solution  of  the  volatile  acids 
was  neutralized  with  soda  and  then  evaporated  almost  to  dryness,  the  salts  being 
decomposed  with  dilu^ie^ sulfuric  acid,  and  the  free  acids  extracted  with  several 
batches  of  ether.  After  the  ether  extract  had  been  desiccated  and  the  ether 
driven  off,  the  residue  was  fractionated  at  atmospheric  pressure,  yielding  two 
fractions:  b.p.  100-107“  ~  3  g)  and  b.p.  120-177“  ~  1*9  g-  The  first  fraction 
was  formic  acid,  as  was  proved  by  a  series  of  qualitative  reactions,  Refrac¬ 
tionation  of  the  second  fraction  yielded  another  1.1  g  of  formic  acid  and  0.4  ■ 
g  of  a  substance  with  a  b.p.  of  178-185“,  n^°  1.4l55«  The  constants  of  the 
latter  product  resembled  those  of  dimethylethylacetic  acid,  but  the  product 
contained  a  slight  trace  of  formic  acid,  as  was  readily  apparent  from  its  odor, 
and  possibly  a-ketobutyric  acid  as  well,  since  it  exhibited  a  somewhat  high 
silver  content  upon  analysis  of  its  silver  salt. 

SUMMARY 

A  study  has  been  made  of  the  reactions  of  dimethylvinylethynylchlorometh- 
ane  with  ethylmagnesium  and  phenylmagnesium  bromides.  The  results  of  oxidizing 
the  reaction  products  indicate  that  both  reactions  involve  a  partial  acetylene  - 
allene  rearrangement.  A  suggestion  is  put  forward  to  explain  the  mechanism  of 
this  rearrangement. 
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THE  ADDITION  OP  HYDROGEN  TO  AN  ACETYLENE  DERIVATIVE  . 
CATALYTIC  HYDROGENATION  OP  Q-DICUMINYLBUTYNEDIOL 


I.  M.  Gverdtsitell  and  Sh.  G.  Mlkadze 


Yu.S.Zalkind  [i]  and  his  pupils  repeatedly  noticed  that  when  y-acetylenic 
glycols  were  hydrogenated  in  the  presence  of  colloidal  palladium,  the  rate  at 
which  hydrogen  was  added  dropped  sharply  after  the  addition  of  two  atoms  of  hyd¬ 
rogen,  the  rate  of  hydrogenation  being  affected  by  the  weight,  the  volume,  and 
the  structure  of  the  glycol.  According  to  Yu.S.Zalkind  [2],  this  sharp  drop  in 
the  hydrogenation  rate  was  due  to  the  formation  of  a  hydrogen  bond. 

In  the  present  research  we  have  endeavored  to  make  a  study  of  the  rate  of 
hydrogenation  of  o-dicumlnylbutynediol.  No  research^ had  been  done  on  the  hydro¬ 
genation  of  a  glycol  of  this  structure,  so  that  we  were  Interested  in  observing 
its  behavior  in  catalytic  hydrogenation.  We  synthesized  the  o-dlcumlnylbutyne- 
diol  by  a  lotsich  reaction  from  o-cumaldehyde  and  acetylene dimagnesium  dibromide 


H3C  CH3  H3C  eH3 

the  yield  being  36.8^  of  the  theoretical.  This  glycol  consists  of  white  crystals 
with  a  m.p.  of  117.5-119*  (from  petroleum  ether).  The  behavior  of  o-diciiminyl- 
butynediol  in  catalytic  hydrogenation  is  like  that  of  other  disecondary  and  di- 
tertiafy  glycols,  i.e.,  hydrogenation  slows  down  markedly  in  the  presence  of 
palladium  after  two  atoms  of  hydrogen  have  been  added,  whereas  there  is  no  break 
in  the  hydrogenation  rate  when  platinum  is  employed.  Comparing  the  hydrogena¬ 
tion  rate  with  that  for  diphenylbutynediol  (Table  l)  and  for  sym-dimethyldiphenyl- 
butynedlol,  we  see  that  o-dicuminylbutynediol  is  hydrogenated  much  more  slowly 
than  diphenylbutynediol,  which  may  be  attributable  to  steric  hindrances.  The 
rate  at  which  o-dicuminylbutynediol  is  hydrogenated  rises  as  the  amount  of  cat¬ 
alyst  employed  is  increased  (Table  2). 


\  TABLE  1 


No. 

Glycol 

Reaction 

tempera¬ 

ture 

Amount  of 

glycol, 

moles 

Ml  of 
solvent 

Mg  of 
palladium 

Hydrogenation 
time,  minutes 

1 

CeHsC  HOHCaCC  HOHC  eHs 

16° 

0.01 

50 

5 

5 

2 

(CH3)2CHC6H4CCH(0H)C 

(CH3)2CHC6H4CCH(0H)c‘ 

26 

0.005 

50 

5 

60 
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TABLE  2 


■  Effect  of  the  Amount  of  Catalyst  Used  Upon  the  Hydrogenation  of 

o-Dicuminylbutynediol 


No. 

Mg.  of 
catalyst 

Ml 

of  hydrogen 

.  added 

in  .  •  •  minutes: 

1.5 

r? 

-9 

‘  12 

15 

18 

'  21  ■ 

60 

1 

5 

14 ' 

25 

35 

45 

54 

62 

70  ' 

158 

2 

'  10 

- 

27 

61 

92 

117 

l40 

- 

- 

- 

5 

200 

no 

184 

208 

- 

- 

— 

— 

— 

— 

EXPERIMENTAL  '  ‘ 


Synthesis  of  o-dlcumlnylbutynedlol.  30  g  of  o-cumaldehyde  was  added,  with 
chilling  and  constant  stirring,  to  ace Lylenedimagne slum  dibromide,  prepared  in  the 
usual  manner  from  8  g  of  metallic  magnesium,  37  g  of  ethyl  bromide,  and  acetylene. 
Seventy- two  hours  later  the  mixture  was  decomposed,  first  with  water,  and  finally 
with  water  acidulated  with  sulfuric  acid.  The  reaction  products  were  extracted 
with  ether.  The  solution  was  desiccated  with  anhydrous  sodium  sulfate,  and. the 
ether  driven  off,  leaving  behind  a  brown  mass  that  crystallized  with  .difficulty. 
Treatment  with  petroleum  ethter  yielded  12  g  of  white  crystals  with  a  m.p.  of 
117.5-119**^  representing  a  yield  that  was  3^.8^  of  the  theoretical.  The  crystals 
were  freely  soluble  in  alcohol  and  ether,  and  slightly  soluble  in  benzene  and 
petroleum  ether.  The  substance  colored  concentrated  sulfuric  acid  red.  The 
Bukhovets  test  for  a  triple  bond  was  positive. 

12.3^  mg  substance:  37*24  mg  CO2I'  9*17  mg  H2O.  12,21  mg  substance: 

36.74  mg  CO2J  9.12  mg  H2O.  Found  C  82.35,  82.12;  H  8.3I,  8,35. 

C22H26O2.  Computed  C  81.98;  H  8.O7.  O.IO76  g  substance;  I9.89  g 
benzene:  At  0.08°.  Found:  M  358. '  0.020  g  substance;  3*00  ml  CH4 
(l4“,^  735  mm).  C22H24(0H)2.  Computed  M  322,  3.O3  ml  CH4.  , 

Catalytic  hydrogenation  of  o-dicuminylbutynediol.  Colloidal  palladium  on 
wheat  starch  was  employed  as  the  catalyst,  1  ml  of  aqueous  solution  containing  2 
mg  of  palladium.  The  activity  of  the  catalyst  was  tested  by  hydrogenating  tetra- 
methylbutynediol;  the  reaction  took  5  minutes  for  0.01  mole  of  this  glycol,  when 
5  mg  of  palladium  was  used. 


Experiment  1. 

1.61  g  of 

the  1 

glycol 

(0.005  mole). 

5  mg  Pd,  50  ml  C2H5OH;  26% 

730  mm;  H2  130  ml. 

i  3 

6 

9 

12 

15 

18  21  60 

'  V 

■  14 

11 

10 

10 

9 

8-  8  "  ' 

V 

l4 

25 

35 

45 

54 

62  70  138 

10.77 

19.2 

26.9 

54.6 

41.6 

47.7  58,8 

Experiment-  2. 

1.61  g  of  the 

glycol 

,  10  mg 

Pd,  50  ml  C2H5OH;  26®,  750  mm; 

H2  130  ml . 

t 

3 

6 

9 

12 

15 

• 

V 

27 

54 

31 

25 

23 

V 

27  ■ 

61 

92 

117- 

l40 

?  H2  20.78  46.9  70.77  90 
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H2  130  ml. 


3 

74  24 


6 

18 


Hydrogenation  of  the  o-.dicumlnyl'butynediol  with  platinum  indicated  that  the 
reaction  was  different  from  what  occurred  when  palladium  was  used:  hydrogen  was 
added  unevenly,  resulting  in  the  formation  of  a  saturated  glycol. 


Experiment  4. 

1*61  g 

substance. 

0.736  g 

Pt, 

50  ml'C2H50H; 

2H2  260. 

t 

3 

6 

9 

12 

15. 

18  21 

V 

60 

62 

55 

42 

40 

26  4 

V 

60 

122 

177 

219 

259 

285  289 

23*07 

47.0 

68.08 

84.2 

Analysis  of  the  hydrogenation  products.  After  two  atoms  of  hydrogen  had 
been  added  to  the  o-dicuminylhutynediol,  the  palladium  was  filtered  out,  the  al¬ 
cohol  was  driven  off,  and  the  remaining  liquid  was  crystallized  into  white  crys¬ 


tals.  Recrystailizatlon  from  petroleum  ether  yielded  white  crystals  with  a  m.p. 
of  123-125°,  the  overall  yield  being  40.37^»  The  crystals  turned  concentrated 


sulfuric  acid  crimson. 

I 


0.0106  g  substance;  O.IO88  g  camphor:  At  11.2°.  Found:  M  324. 75 • 

0.0560  g  substance:  9*20  ml  (CH4  27°,  *727*5  mm).  C22H26(0H)2*  Com¬ 
puted:  M  324. OO5  8.94  ml  CH4.  9*78  mg  substance;  29*17  nig  CO25 
7*58  mg  C02>  7*58  mg  H2O.  12.13  mg'  substance: *36.11  mg  CO25  9*39  mg 
H2O.  Found  C8l.39,  81.24;  H  8.45,  8.65.  C22H2802*  Computed  ^: . 

C  8i,46;,H  8.64. 

I  ■  • 

The  saturated  glycol  -  o-dicyminylbutanediol  -  was  secured  by  processing 
the  product  of  the  hydrogenation  of  the  acetylenic  glycol  with  platinum,  yielding 
crystals  with  a  m.p.  of  103-105°.  The  yield  was  43*47^.  It  _did  not  color  con¬ 
centrated  sulfuric  acid.  '  . 


0*8^95  g  substance:  O.IO75  g  camphors  At  10*5°.  Found:  M  338.5* 
0.0650  g  substance:  10. 35  ml  CH4  (26.5°,  78O  mm).  C22H28C0H)2.’ 
Computed:  M  526;  9*90  ml  CH4.  9*4l  mg  substance;  27*99  mg  CO25 
8.00  mg  H2O.  9*19  mg'  substance:  27*31  mg  C02;-  7*90  mg  H2O.  Found 
C  81.17,  81.09;  H  9*51,  9*61.  C22H30O2*  Computed  C  8O.98;  H  9*20. 


SUMMARY 

The  acetylenic  glycol  o-dicuminylbutynediol  has  been  synthesized  for  the 
first  time,  the  rate  at  which  hydrogen  is  added  with  colloidal  palladium  and 
platinum  black  being  measured,  and  the  influence  of  the  glycol  structure  upon' 
the  rate  of  hydrogenation  being  demonstrated.  The  ethylenic  glycol  o-dicumlnyl- 
butenediol  and  the  saturated  glycol  o-dlcuminylbutanediol  have  been  synthesized 
for  the  first  time. 
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THE  CONDENSATION  OP  FORMALDEHYDE  WITH  SODIUM  BUTYLATE 


V.  I.  Lyubomilov  and  A.  P.  Terentyev 


/ 

In  19^8  Gorin  [1]  advanced  the  following  set  of  reaptions  for  the  form-  • 
ation  of  divinyl  from  alcohol  with  a  Lehedev  catalyst: 

CH3-CH2OH  — CH3-CHO  +  H2. 

CH3-CHO  +  CH3-CHO  [CH3-CHOH-CH2-CHO]  H2O  +  CH3-CH=CH-aH0. 

CH3-CH=CH-CH0  +  H2  — ; - ►  CH3-CH=CH-CH20H; 

CH3-CH=CH-CH20H  . - ►  ■H2O  +  CH2=CH-CH=CH2. 

A' similar  sequence  was  put  forward  by  Kagan  and  his  associates  [2]^  who  pointed 
out  that  ethyl  alcohol  is  a  hydrogen  donor  in  the  conjugated  hydrogenation  reac¬ 
tion  of  crotonaldehyde.  Gorin  and  his  associates  [3]  extended  this  set  of  reac¬ 
tions  to  other  alcohols,  securing  the  very  hydrocarbons  whose  formation  corrobor 
ated  the  foregoing  scheme  for  the  formation  of  divinyl  from  a  mixture  of  alco¬ 
hols  or  a  mixture  of  alcohols  with  aldehydes  or  ketones.  In  this  set  of  reac¬ 
tions,  one  of  the  intermediates  in  the  synthesis  of  the  diene  hydrocarbons  is 
an  unsaturated  alcohol.  Whenever  a. single  alcohol  or  an  alcohol  plus  its  cor¬ 
responding  aldehyde  is  used  for  the  reaction,  as  is  the  case  in  the  synthesis 
of  divinyl  (by  the  Lebedev  or  Ostromyslensky  method) ,  hydrogenation  of  this  un¬ 
saturated  alcohol  yields  an_ alcohol  with  double  the  number  of  hydrogen  atoms. 
And,  in  fact,  the  products  recovered  in  the  synthesis  of  divlnyl  usually  include 
both  crotyl  and  butyl  alcohols.  This  reaction  is,  therefore,  essentially  an 
alcohol  condensation,  the  temperature  conditions  and  the  catalyst  compelling  the 
bulk  of  the  reaction  product  to  change  into  a  diene  hydrocarbon.  The  reaction 
involved  in  the  formation  of  higher  alcohols  from  lower  ones,  which  takes  place 
under  quite  different  conditions,  was  discovered  in  1889  by  Markovnikov  and 
Zubov  [4],  who  observed  that  the  reaction  of  methylhexylcarbinol  with  KOH  powder 
at  high  temperature  yielded  the  alcohol  C24H50O.  In  an  extensive  series  of  sub¬ 
sequent  papers  Guerbet  [5],  and  later  Weizmann  [e]  investigated  this  reaction 
at  length  with  various  alcohols  and  their  mixtures.  In  1924  one  of  the  present 
authors  [7]  condensed  a  number  of  alcohols  by  passing  alcohol  vapors  over  the 
respective  magnesium  alcoholates  at  400* .  ,  The^pe  are,  moreover,  patents  on  the 
synthesis  of  the  higher  alcohols  from  the  lower  ones  in  the  gas  phase  [e].  In 
1931  Huckel  and  Naab  [9]  proposed  the  following’  set  of  reactions  for  this  cpn- 
densation,  using  isoamyl  alcohol  as  an  example:  ’ 

/H 

(I)  (CH3)2CH-CH27CH20Na  — >  (CH3)2CH-CH-c(^  +  H2 

.  '  ...  '  ‘  ONa  . 


(II)  2(CH3)2CH-CH=C:/  +  2H2 
'DNa 


(III)  (CH3)2CH-|j:“C^. 


(CH3)2CH-C-'0 


CH-CH2-CH(CH3)2 


CH-CH2-CH(CH3)2 

(Cfl3)2C^H-CH29H 

CH2-CH2-CH(CH3)2 


The  step-by-step  oxidation  exchange  between  the  carbonyl  compound  and  the 
alcoholate  in  an  excess  of  the  initial  alcohol  should  have  yielded  an  unsaturated 
alcohol  in  stage  (ill)  of  this  condensation  series,  though  there  is  no  mention  of 
the  formatlop  of  any  but  saturated  alcohols.  In  the  analogous  reactions  for  the 
formation  of  divinyl  from  alcohol  cited  previously,  the  formation  of  an  unsatur-’ 
ated  (crotyl)  alcohol  is  actually  proved  by  its  detection  among  the  reaction  pro¬ 
ducts.. 

•  •  ■  , 

We  have  investigated  the  action  of  an  aldehyde  upon  a  solution  of  an  alkali 

metal  alcoholate  in  the  corresponding  alcohol.  In  this  simpler  reaction  we  might 
have  expected  the  formation  of  the  corresponding  unsaturated  alcohols.  Passing 
gaseous  formaldehyde  through  a  hot  solution  of  sodium  butylate  in  butyl  alcohol, 
we  expected  to  secure  a  mixture  of  2-ethylpropenol  and  2-ethyl-5-propylallyl  .  ' 
alcohol,  as  follows: 

//O 

CH2O  +  CH3-CH2-CH2-CH20H(+C4H90Na)  — ,  ^CH30H  -  CH3-CH2-CH2-C(  , 

CH2O  +  CH3-CH2-CH2-C' 

*  CH2OH 


CH3-CH2-CIP-C(  ' 

I 


H2O  +  ch3-ch2-|:-c^ 
CH2 


CH3CH2C 

ll  ^ 

CH2 


CH3CH2CH2CH20H 


CH3CH2CH2C^  + 
H  • 


CH3CH2CH2CH=Cc(  +  CIi3CH2CH2CH20H  — CH3CH2CHpCH=CCH20H  +  CH3CHpCH2C^  . 

1  ‘  1  '  \ 

CH2CH3  CH2CH3 


CH3CH2CH20f° 
-  H 


//O 

CH3CH2CCH2OH  +  CH3CH2QH2C( 

ll  \h 

CH2 

C  H3C  H2C  H2C  HOHC 


■H2O  +  CH3(CH2)2CH=CC^ 

I  H 
CH2CH3 


I  H 

CHpCHs 


Rectification  of  the  reaction  product  with  a  packed  column  one  and  a  half  meters 
high  yielded- a  fraction  with  a  b.p.  of  127-153* ^  which  upon  refractionation  yield¬ 
ed  the  non -homogeneous  fractions  9  to  13  (cf  Table),  with  b.p.  ranging  from  126 
to  133 *5*  The  gradual  rise  in  the  boiling  points,  the  refractive  indexes,  and 
the  bromine  numbers  of  these  fractions  indicate  that  the  2-ethylpropenol 


i6lk 


is  actually  concentrated  in  these  fractions,  but  that  the  -latter  also  contain  a 
saturated  alcohol  with  a  molecular  weight  and  a  boiling  point  that  closely  approx¬ 
imate  those  of  2-ethylpropenol. 

We  assumed  that  it'was  2-methylbutanol-l,  the  hydrogenation  product  of  2- 
ethylpropenol  [14].  We  were  actually  able  to  isolate  and  identify  2-methylbutanol 
in  Fraction  9  by  oxidizing  the  unsaturated  alcohol  with  permanganate.  The  proxim-  ^ 
fty  of  the  boiling  point  of  2-ethylpropenol  to  that  of  2-methylbutanol  did  not 


Rectification  of  the  Reaction  Product 


Fraction  No. 

Grams 

Bolling  point  (°) 

Bromine  No.,  mg. 

1 

25,4 

— 

2 

5.3 

- 

3 

Oil  layer  468,0 

1  92.5 

1.3914 

■  3 

Aqueous  layer  2l8.0 

4 

24.4 

92;5-ii6.3 

1.3985 

- 

5 

774.4 

116.3-117.5 

1,4000 

15 

•  6 

8.7 

117.5-118 

1.4010 

37 

7 

l4.0 

118-121 

1.4050 

144 

8 

7.5 

121-126 

1.4132 

464 

9 

13.4 

126-127 

1.4200 

818 

10 

13.1 

127-129 

1.4260 

1170 

11 

13.4 

129-132 

1.4290 

1390 

12 

9.8. 

132-133' 

1.4320 

1475 

13 

•  8.4 

133-133.5 

1.4336 

l640 

Ik 

6.0 

133.5-170 

1.4342 

- 

15 

2.2 

170-184 

1.4400 

1144 

16 

6.0 

184-250 

1.4410  1 

581 

17 

10.3 

Above  250 

1.4362 

150 

allow  us  to  secure  the  former  in  the  pure  state.  Of  the  fractions,  only  Fraction 
13  contained  9Qfjo  of  .this  alcohol  (the  percentage  being  •  determined  from  the  double 
bonds).  We  made  use  of  Kondakov's  Indication  [11]  that  2-ethylpro’penol  is  isomer- 
ized  to  2-methylbutanal  when  it  is  heated  with  dilute  sulfuric  acid  in  order  to 
prove  its  presence  in  the  fractions  collected.  The  aldehyde  was  formed  very 
readily  when  Fractions  11,  12,  and  13  were  heated  with  0.1  N  sulfuric  .acid,  though 
the  2,4-dinitrophenylhydrazone  prepared  from  the  aldehyde  fused  at  128.2*,  where¬ 
as  Morgan  and  Hardy  [12]  give  a  m.p.  of  119-120.5*  for  this  derivative  'of  2-methyl¬ 
butanal..  Supposing  that  the  figure  given  by  Morgan  and  Hardy  was  in  error,  we 
effected  an  organomagnesium  synthesis  of  2-methylbutanal.  The  2,4-dinitrophenyl- 
hydxazone  prepared  from  the  latter  had  a  melting  point  of  128.5-128.8*  and  ex¬ 
hibited  no  depression  with  our  test  sample 5  the  dimedon  derivative  had  a  melting 
point  of  about  155°*  Another  proof  that  Fractions  9-13  are  a  mixture  of  2-methyl¬ 
butanol  and  2-ethylpropanol 'yield:s.purp/2-methylbJAtanol,.  '  Hence,  reacting  formal¬ 
dehyde  with  a  solution  of  sodium  butylate  in  butyl  alcohol  at  high  temperature  yields 
11^  of  theory  of  2-ethylpropanol  and  about  3^  of  theory  of  2-methylbutano]^  in  terms  cf 
CH2O.  According  to  the  set  of  reactions  cited  above,  we  might  also  expect  2-ethyl- 

3-propylallyl  alcohol  to  be  formed.  It  is  apparent  from  the  foregoing  that  the 
impurity  in  it  may  be  its  reduction  product,  that  is,  2-ethylhexyl  alcohol.  To 
Judge  from  the  boiling  point  and  the  results  of  brominatlon.  Fraction  I5  might 
be  such  a  mixture.  Analysis  of  this  fraction  indicated,  however,  that  it  is  an 
intermediate  fraction,  containing  only  a  small  quantity  of  the  alcohols  specified. 
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1444  g  of  butanol,  previously  washed  with  a  KMn04.  solution,  desiccated,  and 
triply  distilled  (negative  test  for  unsaturated  hydrocarbons)  was  placed  in  a 
flask  fitted  with  a  stirrer,  a  thermometer,  and  a  reflux  condenser,  one  end  of 
which  was  connected  to  a  gasometer.  I5O  g  of  sodium  was  dissolved  in  the  butanol. 
After  the  sodium  had  dissolved,  221.5  6  of  gaseous  formaldehyde,  prepared  by  evap¬ 
orating  paraform  in  a  flask  connected  to  a  wide  tube  immersed  in  the  liquid  con¬ 
tained  in  the  reaction  flask,  was  passed  through  the  solution  for  7  hours  45  min¬ 
utes  at  120".  0.58  liter  of  hydrogen  was  collected'in  the  gasometer  while  the 

CH2O  was  passed  through  the  solution.  The  reaction  product  was  then  ''distilled 
with  steam,  the  condensate  containing  l6l4  g  in  the  alcoholic  layer  and  "1057  g 
in  the  aqueous  one.  The  distilling  flask  contained  a  Residue  of  27IO  g  ‘of  an 
aqueous-alkaline  salt  sqlution  and  50  g  of  a  brown  oily  substance. 

Determination  of  the  unsaturated  hydrocarbons  in  the  alcoholic  layer  of  the 
condensate.  Titration  of  an  acidulated  alcoholic  solution  of  a  weighed  sample 
with  a  bromide-br ornate  solution  (l  ml  of  solution  equivalent  to  40.24  mg  of  brom¬ 
ine)  . 

2.625  g  substances  5*5  nil  bromlde-br ornate  mixture.  Found:  bromine  number 
84.6  mg  bromine  per  g  substance. 

After  a  series  of  separate  rectifications  of  the  aqueous  and  alcoholic  lay¬ 
ers  of  the  condensate  and  desiccation  of  the  intermediate  fractions  with  potash 
or  copper  sulfate  (with  the  sole  exception  of  the  butanol  fractions),  we  secured 
the  17  fractions  listed  in  the  table. 

Analysis  of  the  Fractions 

Fraction  1.  B.p.  64-65° j  0. 79565  n|°  1.5305,  Methyl  alcohol.  The 

acid  phthalate,  with  a  m.p.  of  82-85* ^  was  prepared.  Fractinns  2-7.  To  Judge 
by  the  boiling  points  and  the  refractive  indexes,  these  fractions  conatituted 
aqueous  and  anhydrous  butanol.  In  order  to  prove  that  the  next  fractions,  up  to 
Fraction  15  Inclusive,  consisted  of  a  mixture  of  2-methylbutanol  and  2-ethylpro- 
penol,  they  were  analyzed  thoroughly.  Fraction  8  was  brominated,  yielding  a 
bromide  that  proved  to  be,  upon  analysis,  the  expected  dlbromide  of  2-ethyl- 
propenol.  2.8  g  of  bromine  was  added  a  drop  at  a  time  to  5*8  g  of  Fraction  8, 
chilled  with  ice,  and  the  resultant  product  was  distilled  in  vacuum  (7*5  mni) , 
the  receiver  being  chilled  with  a  freezing  mixture.  The  following  fractions 
were  collected:  I  -  2.8  g5  n§°  1.4l08.  (it  distilled  at  105-127°  at  73^  mm 
pressure)  5  II  -  1.2  g,  up  to  58°.5  ng®  1.45535  HI  “  0.8  g,  58-105° 5  ng°  1.46525 
rv  -  2.15  g,  105-106*5  ng°  I.552O5  and  a  residue  of  I.5  gj  ng°  1.5240.  All 
the  fractions-  gave  a  positive  Beilstein  test  for  halogen.  Fraction  IV  being  an 
oily  liquid  with  the  odor  of  camphor..  The  bromine  in  Fraction  IV  was  determined 
'  by  the  Stepanov  method. 

0.2707g  substance;  22.10  ml  0.1  N  AgNOa.  Found  Br  .65.25. 

CsHioOBra*  Computed  Br  64.99* 

Recovery  of  2-methylbutanQl  from  Fraction  9.  10.0  g  of  the  fraction  and  200 

ml  of  water ^were  placed  in  a  flask  fitted  with  a  stirrer  and  chilled  to  2-5*, 
after  which  29  g  of  KMn04  was  gradually  added.  The  neutral  products  were  ex¬ 
tracted  with  ether,  and  the  ether  driven  off.  Repeated  distll3.atlon  yielded 
2.8  g  of  an  alcohol  with  a  b.p.  of  128-129° 5  ng°  1,41025  d|°  0,82005  MRp  26.645 
C5H11OH.  Computed  26.93*  The  figures  given  in  the  literature  for  2-methylbutanol 
are  [10]:  b.p.  129.4° 5  ng°  I.41065  df®  O.8186.  The  alcohol  does  not  decolorize 
a  solution  of  bromine  in  methanol. 
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0.06l7  g  substance:  17*9  ml  CH4  (50®,  755  nun).  Found  OH  19.6. 

C5H11OH.  Computed  OH  19.5. 

The  phenylurethane  was  prepared  in  the  usual  manner:  m.p.  28-29°.  The  m.p.  given 
in  the  literature  for  the  phenylurethane  of  2-methylbutanol  is  51°  [^^]. 

Identification  of  2-ethylpropenol.  Fractions  11,  12,  and  15  were  analyzed, 
the  same  results  being  obtained  in  each  case. 

,  5.8  g  of  the  fraction  was  dissolved  in  80  ml  of  0.1  N  sulfuric  acid  and 

boiled  for  50  minutes  with  a  reflux  condenser.  The  product  had  an  aldehyde  odor. 

6  ml  of  liquid  was  distilled  from  the  reaction  product,  2  ml  of  which  was  an  oil 
layer.  The  dimedon  derivative  of  the  oil  layer. was  prepared:  square  lamellae 
with  a  m.p.  of  15^.'5-155.5°  after  recrystallization  from  50^  alcohol  (m.p.  of 
anhydride  150.5-151°),  as  was  the  2,4-dinitrophenylhydrazone:  yellow  orthogonal, 
nearly  square  lamellae,  with  a  m.p.  of  128.2°  after  recrystallization  from  alco¬ 
hol.  A  test  sample  mixed  with  the  2,4-dinltrophenylhydrazone  of  2-methylbutanal 
synthesized  via  an  organomagne slum  compound  (vide  infra)'  had  a  m.p.  of  128-128.8. 

Fraction  15,  b.p.  155-155.5° 5  ng°  1.455^5  O.8556.  The  constants  of 

this  fraction  were  closest  of  all  to  those  of  2-ethylpropenol,  for  which  Kondakov 
[11]  gives:  b.p.  155-154. 5°5  sp.  gr.  at  18*,  0.8682. 

0.1914  g  substance;  8.10  ml  of  a  bromide -br ornate  mixture  (l  ml  equivalent, to 
59.51  nig  Br).  F^und:  bromine  number  1665  mg  Br/g.  CsHioO^  .  Computed:  bromine  jjo. 
I85B  mg  1858  mg,  Br/g.  0.0957  g  substance:,  27.9)  ml  CH4  (5.1°  ,755  nun) .  Found  ^  0  20.2. 
C5H9OH.  Calcd,  ^  0H"1.98i.  The^'phejiyiur'e’thane, prepared  in  the  usual  manner,  had  a  m.p. 
of  49.9-56.5°.  0.1842  g  substance:  0.01512  g  NH3  (Kjeldahl) .  Found  °foi  N  6.75. 
C12H15O2N.  Computed  N  6.85. 

Hydrogenation  of  Fraction  11.  2.92  g  of  the  fraction  and  I.5  g  of  a  Baga 

catalyst  slurry  (made  with  ethyl  alcohol)  were  shaken  up  together  in  a  Skita 
apparatus.  Hydrogenation  lasted  9  hours,  58O  ml  of  hydrogen  (20®,  755  nun)  being 
added.  The  product  was  filtered  and  distilled,  the  bulk  of  the  product  distil¬ 
ling  at  128-129°  and  having  df®  0.820  and  n^°  1.4l06.  '  ' 

Synthesis  of  2-methylbutanal  and  its  derivatives.  10  ml  of  absolute  ether 
was  poured  over  I.5  g  of  magnesium  shavings  in  a'  flask  fitted  with  a  reflux  con¬ 
denser  and  a  dropping  funnel,  and  a  crystal  of  iodine  was  added.  Then  9.O  g  of 
'sec -butyl  bromide  (b.p.  88.5-90.5°)  dissolved  in  50  ml  of  absolute  ether  was  ' 
gradually  added  from  the  funnel.  The  flask  was  first  water-cooled  and  then  heated 
over  a  water  bath.  After  the'  reaction  was  over,  7-7  g  of  orthoformlc  ester  (b.p. 
l40-l42°)  was  added  and  the  mixture  was  boiled  for  5  hours.  It  was  allowed  to 
cool,  and  40  ml  of  6^  hydrochloric  acid  was  added  to  dissolve  the  precipitate. 

The  oily  layer,  totalling  5*9  g,  was  separated  in  a  funnel,  charged  into  a 'dis¬ 
tilling  flask  containing  55  ml  of  15^  H2SO4,  and  slowly  distilled,  the  condensate 
being  collected  in  I5  ml  of  a  25^  bisulfite  solution^  Agitation  caused  the  bulk 
of  the  substance  to  dissolved;  the  few  drops  of  oil  were  removed,  and  4  g  of 
sodium  bicarbonate  was  added  to  the  transparent  solution,  the  product  being  then 
distilled  with  steam.  The  condensate  had  a  strong  aldehyde  odor  (resembling  that 
of  but yr aldehyde) .  The.  2,4-dinitrophenylhydrazone  was  prepared  from  the  aqueous 
solution  in  the  usual  manner  (nearly  square,  yellow  lamellae,  with  a  m.p.  of 
128.5-128,8*  -  from  alcohol)  as  was  the  dimedon  derivative,,  with  a  m.p.  of  154- 
154.5°  (from  50^  alcohol). 

Analysis  of  the  aqueous  alkaline  solution  after  steam  distillation .  Ac 1 dula - 
tion  of  this  solution  yielded  45.5  g  of  formic  acid  as  a  weak  aqueous  distillate 
that  exhibited  a  HCOOH  reaction  with  HgCl2  as  well  as  with  a  silver  salt.  The 
amount  of  acid  was  determined  by  titration.  60  g  of  a  thick  oily  liquid  with  an 
acid  reaction  was  recovered  in  addition  to  the  formic  acid. 
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SUMMARY 


\ 


Reacting  formaldehyde  with  a  solution  of  sodium  hutylate  in  butyl  alcohol 
yielded  2-ethylpropenol  and  its  reduction  product,  2-methylbutanol-l. 
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THE  FORMATION  OP  A  COORDINATION  COMPOUND 


OP  SULFUR  TRIOXIDE  AND  PHENOL 


L.  I.  Kashtanov  and  L.  N.  Sokolova 


Shilov  [i]  has  advanced  the  suggestion  that  in  conjugated  processes  we  must 
expect  an  unstable  compound  of  the  coordination  type  to  be  formed  between  the 
inductor  and  the  acceptor.  Analogous  hypotheses  might  be  advanced  for  the  phen¬ 
omena  associated  with  negative  catalysis,  where  the  inhibitor  could  form  an  un¬ 
stable  compound  with  the  reaction  substance. 

The  present  paper  deals  with  the  formation  of  an  unstable  coordination  com¬ 
pound  of  the  inhibitor  phenol  and  sulfur  trioxide. 

The  retardation  of  sulfur-trioxide  oxidation  reactions  by  phenol  has  been 
the  topic  of  papers  by  Kashtanov  and  Ryzhov  [2]  and  Kashtanov  and  Oleshchuk  [3], 
in  which  it  has  been  shown  that  phenol,  as  a  surface -active  substance,  acts 
chiefly  by  poisoning  the  solution  surface,  thus  preventing  the  start  of  the  sul¬ 
fur-trioxide  oxidation  reaction  at  the  phase  boundary.  The  literature  contains 
indirect  references  to  the  possibility  that  sulfur  trioxide  and  phenol  form  an 
unstp,ble  compound.  Garraud's  researches  [4]^  for  example,  indicate  the  likeli¬ 
hood  of  the  formation  of  such  an  unstable  compound:  when  phenol  is  auto-oxidized 
in  an  ammonium  sulfite  solution  containing  traces  of  a  copper  salt,  its  ring  is 
sulfonated.  Garraud  [s]  came  to  a  similar  conclusion  when  he  introduced  sulfo 
and  amino  groups  into  the  aromatic  ring:  he  passed  air  through  an  aqeuous  mix¬ 
ture  of  hydroquinone,  methylamine,  and  sulfur  trioxj.de  containing  copper  hydrox¬ 
ide  as  a  catalyst  and  secured  a  compound  in  which  a  sulfite  radical  and  an  am¬ 
ino  group  were  both  attached  to  the  benzene  ring.  The  only  possible  explanation 
for  the  formation  of  that  compound  was  oxidation  of  a  coordination  compound. 

Nevertheless,  there  is  no  direct  compound  of  phenol  and  sulfur  trioxide 
listed  in  the  literature. 

EXPERIMENTAL 

The  experimental  conditions  were  as  follows:  sulfur  trioxide  was  passed 
through  a  chilled  saturated  solution  of  phenol.  The  precipitate  was  filtered 
out  and  dried  In  a  desiccator,  and  the  percentage  of  sulfur  trioxide  in. the  re¬ 
sultant  product  was  determined  by  titrating  the  synthesized  substance  with  a  ■ 

0.1  N  solution  of  iodine.  The  Initial  attempts  to  isolate  a  coordination  com¬ 
pound  were, made  in  an  aqueous  solution  of  phenol 5  they  met  with  failure,  the  co¬ 
ordination  compound  breaking  down  as  the  product  was  desiccated,  and  the  analysis 
data  yielding  fluctuating  results.  The  percentagecof  SO2  in  the  substance  iso¬ 
lated  varied  from  9*^  to  19-5^,  for  example.  Nor  did  tests  with  phenol  dissolved 
in  benzene,  alcohol,  or  toluene  yield  the  results  expected;  the  precipitate  was 
small,  and  the  resultant  coordination  compound  was  so  unstable  that  it  was  dif¬ 
ficult  to  weigh  out  a  sample  of  the  product.  Chilling  was  done  with  snow  and 
salt  in  all  the  experiments  described  above. 


We  resolved  to  employ  deeper  chilling  and  a  solution  of  phenol  in  chloro¬ 
form,  in  which  phenol  is  more  readily  soluble.  We  used  dry  ice  for  chilling, 
the  temperature  of  the  solution  being  kept  at  about  -40®  during  the  experiment. 
An  abundant  yellowish- green  precipitate  was  thrown  down  from  the  chloroform  * 
solutions,  its  crystalline  shape  differing  from  that  of  the  phenol.  The  pre'- 
cipitate  was  rapidly  filtered  out  while  chilled  with  dry  ice  and  analyzed. 

The  results  obtained  are  listed  in  the  table.  To  judge  by  the  data  in  the 
table  the  coordination  compound  should  have  the  formula  (C6H50H)2S02  (Com¬ 
puted  SO2  25.39)* 

The  compound  was  unstable,  gradually  decom¬ 
posing  when  exposed  to  the  air  and  evolving  phenol 
.  and  sulfur  trioxide.  When  this  compound  was  kept 
in  a  desiccator  for  3  days,  its  initial 'yellowish 
green  color  changed  to  white,  its  crystalline 
structure  changing  from  the  cubic  system  to  the 
hexagonal.  After  3  days  in  the  desiccator  the 
product  exhibited  only  traces  of  sulfur  trioxide. 

We  should  mention  at  this  point  an  interest  - 
ing  phenomenon  that  arose  when  the  sulfur  trlox- 
ide  was  passed  through  the  phenol  solution.  The 
solubility  of  the  phenol  rose  markedly,  and  the 
This  observation  was  made  in  all  the  solutions 
tested,  the  volrme  of  the  solutions  increasing  about  1/3.  After  the  solutions 
had  been  saturated  with  sulfior  trioxide,  samples  were  taken  to  determine  the 
percentage  of  sulfur  trioxide  in  the  solution.  The  mean  value  of  12  exper¬ 
iments  Indicates  that  one  molecule  (I.07)  of  sulfur  trioxide  is  absorbed  per 
molecule  of  phenol. 


Text 

tlo. 

Weight  of 
sample ,  g 

^  sulfur 
trioxide 

1 

1.5962 

21.3 

2 

5.2310 

26,9 

3 

5.6370 

24.5 

4 

2.3864  1 

27.0 

5 

3.5965  1 

25.7 

6 

7,6220  1 

21.4 

' Average  2k . kj 


solution  expanded  greatly. 


SUMMARY 

1.  An  unstable  coordination  compound  of  phenol  and  sulfiir  trioxide  has 
been  isolated  from  a  chloroform  solution;  the  compound  gradually  decomposes 
in  air,  giving  off  phenol  and  sulfur  trioxide. 

2.  The  formula (CeHsOH) 2’ SO2  is  attributed  to  the  unstable  coordination 
compound  of  phenol  and  sulfur  trioxide. 
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SYNTHESES  OP  DERIVATIVES  OP  a-AMINO  ACIDS 
II. .  A  New  Method  of  Synthesizing  Amides  of  ot-Amino  Acids 

V.  P.  Kucherov  and  M.  I.  Dorochova 

k 

( 


Numerous  Investigations  of  the  reactivity  of  various  azlactones  of  the  sub¬ 
joined  types; 


and 


H — CO 


R' 


have  shown  that  they  display  a  marked  trend  to  enter  into  many  transformations, 
making  it  possible  to  secure  various  substituted  derivatives  of  the  a-amino‘ 
acids  and  dipeptides  by  rupturing  the  azlactone  ring  [i].  Derivatives  of  the 
2,5-diketooxazoladines  (l)  are  closely  related  to  the  azlactones  structurally, 
provided  we  presuppose  the  possible  existence  of  the  tautomeric  form  (ll)  for  •' 


the  se  c  ompounds ; 


On  this  assumption  we  undertook  a  study  of  3-alkyl-2,5-dlketooxazolidines 
with  the  objective  of  synthesizing  r  '  d-amlno  )  acid  derivatives.  Notwithstand¬ 
ing  the  fact  that  some  5-alkyl -^,5-diketooxazolidlnes  had  been  described  fairly 
long  agd  [2],  practically  no  research  has  been  done  on  their  , reactivity,  appar¬ 
ently  because  of  their  instability.  In  fact  these  compounds,  which  are  inter¬ 
nal  anhydrides  of  N-carboxy  alpha  amino  acids  and  are  usually  synthesized  by  , 
reacting  SOCI2  with  N- car borne thoxy  derivatives  of  a-amino  acids  as  follows; 


R  -  OH— COOE 
NH — COOCH3 


R  -  CH — CO' 

I 

NH  — CO' 


>0  +  CH3CI 


split  .off  carbon  dioxide  extremely  readily  when  exposed  to  the  air  or  when 
their  solutions  are  heated,  being  converted  into  their  polymers.  For  the  same 
reason  some  of  the  2,5-diketooxazolidines  described  in  the  literature  have  not 
even  been  adequately  Identified,  this  being  especially  true, of  the  diketooxa- 
zolidlnes  secured  as  by-products  in  the  decomposition  of  monoazides  of  alkyl 
malonic  esters  [3]. 

Our  investigations  have  shown  that  some  5-alkyl-2,5-diketobxazolidines 
may  be  secured  and  preserved  fairly  easily  when  certain  conditions  are  observed 
for  their  synthesis  and  recovery.  We  synthesized  them  by  reacting  carbobenzoxy 
derivatives  of  the  ’a-amino  )  acids  with  PCI5  in  absolute  ether,  as  has  been 
described  for  the  synthesis  of  some  acid  chlorides  of  carbobenzoxy  a-amino 
acids  [4].  The  initially  prepared  acid  chlorides  are  able  to  split  off  benzyl 
chloride  even  when  heated  to  room  temperature  in  ether  solution,  yielding  the 


w 

i- 
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respective  5-alkyl-2,5-diketooxazolidines,  which  are  secured  in  crystalline 
form  by  driving  off  the  ether  in  vacuum  and  treating  the  residue  with  petrol¬ 
eum  ether,  and  then  can  be  recrystallized  from  ether.  The  reaction  is  as  fol¬ 
lows  :  .  ' 

R  -  CH  -  CO^Q  ^  C6H5CH2CI 
NH  -  CO 
(IV) 

R  =  n  ~  C3H’7j  iso--  C3H75  n-C4H95  iso-C4H9j  CeHsCHg. 

This  reaction,  which  we  have  carried  out  with  the  carbobenzoxy  derivatives 
of  dl-valine,  ^-norvaline,  dl-leuc ine,  and  dl-nor leucine ,  makes  it  possible  to 
secure  yields  of  80-90^  of  the  corresponding  3-alkyl-2,5-dlketooxazolidines. 

With  carbobenzoxy- dl-phenylalanine,  the  acid  chloride  first  secured  can  be  re¬ 
covered  in  the  crystalline  state,  while  boiling  it  in  ether  solution  yields  80% 
of  crystalline  3-benzyl-2,5-diketooxazolidine. 

Heating  the  synthesized  3-alkyl-2,5-diketo;ioxazolidlnes  converts  them  quan¬ 
titatively  into  the  corresponding  polymers,  CO2  being  split  out.  Under  certain 
circumstances,  however,  the  3-alkyl-2,5-diketooxazolidines  Isolated  in  the  pure 
state  can  enter  into  some  reactions  Involving  the  rupturing  of  their  oxazoladine 
ring.  Adding  diketooxazolidines  to  a  chilled  alcoholic  solution  of  ammonia,  for 
example,  results  in  the  formation  of  amorphous  precipitates,  which  have  a  rela¬ 
tively  low  decomposition  temperature,  giving  off  CO2  and  NH3  when  heated.*  When 
we  tried  to -crystallize  these  products,  they  decomposed  easily,  giving  off  CO2 
and  NH3  and  being  converted  into  the  corresponding  amides  of  the  a-amlno  acids 
(Vl),  thus  definitely  proving  that  their  structure  is  that  of  ammonium  salts  of 
N-carboxy  a-amino -acids.  It  is  best  to  perform  this  last  conversion  by  boiling 
the  isolated  ammonium  salts  of  the  amides  of  N-carboxy  a-amino  acids  in  benzene, 
from  which  the  resultant  amides  crystallize  out  in  adequately  pure  form  upon 
cooling: 

R  -  CH  -  C0\  -  R  -  CH  -  CONH2  R  -  CH  -  CONH2 

1  >G  NHa^  I  I 

NH  -  CO  NHCOONH4  -NH3  NHa 

(IV)  ^  (V)  (VI) 

R  =  n-C3HY|  iso-C3H7|  n-C4H95  iso-C4H9^  C6H5CH2 

These  reactions,  which  furnish  fairly  satisfactory  yields  in  all  their 
stages,  may  be  a  satisfactory  new  method  of  synthesizing  the  amides  of  the  a- 
amino  acids,  the  yields  attainable  by  other  methods .often  being  unsatisfactory, 

EXPERIMENTAL 

1.  Synthesis  of  Carbobenzoxy-g-Amino  Acids  (ill). 

We  prepared  the  carbobenzoxy  a-amlno  acids  in  the  usual  manner  [4],  by  con¬ 
densing  1  mol  of  the  a-amlno  acid  with  1.1  mol  of  carbobenzoxy  chloride  in  an 
alkaline  solution  at  0~5° •  After  the  carbobenzoxy  chloride  and  a  corresponding 
amount  of  a  1.0  N  solution  of  NaOH  had  been  added;,  the  reaction  product  was  kept 
at  room  temperature  for  1  hour,  then  extracted  with  ether,  and  the  alkaline  sol¬ 
ution  was  acidulated  with  2.0NHC1  while  stirred  and  chilled  to  0°.  The  preclj)- 
itated  reaction  product,  which  was  oily  to  begin  with^  gradually  hardened  and 
could  be  recrystallized  from  CCI4  to  which  a  small  quantity  of  petroleum  ether 
had  been  added.  When  crystallization  of  the  oil  formed  during  acidulation  was 
too  slow,  it  was  extracted  with  ether  and  desiccated  with  Na2S04j;  the  ether  was 
driven  off  in  vacuum,  the  residue  being  dissolved  in  a  small  amount  of  warm  car- 
^9?.._^?jil!®'Cbloride,  and  petroleum  ether  being  added  until  the  solution  turned 

•  Analysis  indicates  thattheir  composition  is  close  to  that  of  the  ammonium  salts  of  the  corresponding 
amides  of  N-carboxy.  a-amino  acids  (v). 


R  -  {j:H  -  COOH 
NHCOOCH2C6H5 


PCI 


R  -  CH  -  COCl 
.  I 

NHCOOCH2C6H5 
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cloudy.  This  procedure  yielded  the  carbobenzoxy  a-amino  acids  in  an  adequately 
pure  crystalline  form. 

a)  Carbobenzoxy -.dl-valine.  5*8  S  of  ^-valine  yielded  10. 5  g  of  crude 
carbobenzoxy-dl- valine,  with  a  m.p.  of  68-71®.  After  being  recrystallized  from 
carbon  tetrachloride  to  which  a  small'  quantity  of  petroleum  ether  had  been  added, 
the  product  had  a  m.p.  of  72-73°.  Weight;  9*1  g*  Yield:  73 • 3^- 

0.1332  g  substance:  6.55  nil  N2  (22.5°,  753  mm).  Found  ^  N  5*56.' 

C13H17O4N.  Computed  "N  5‘57.‘ 

% 

b)  Carbobenzoxy-dl-norvaline.  5*8  g  of  dl-norvaline  yielded  9*5  g  of 

carbobenzoxy-dl-norvaline,  with  a  m.p.  of  the  m.p.  of  which  was  86-87° 

after  recrystallization  from  a  mixture  of  CCI4  and  petroleum  ether.  Weight; 

8.8  g.  Yield:  71^- 

0.1290  g  substance:  6.15  ml  N2  (24.5°,  762.5  mm).  Found  N  5*^3 
C13H17O4N.  Computed  N  5*57^ 

c)  Carbobenzoxy-dl-leucine.  This  was  synthesized  in  a  similar  manner,  the 
yield  being  10^. The  m.p.  of  the  product  was  5^-56°  after  crystallization. 

•  0.1168  g  substance:  4.60  ml  0.1  n’ HCl.  Found  N  5*50 
C14H19O4N.  Computed  jo:  N  5.28. 

d)  Carbobenooxy-ill-norleuclne.  This  was  synthesized  as  above,  the  yield 
being  7^^.  The  m.p.  of  the  product  was  105-106°  after  crystallization  from  a 
CCI4  and  petroleum  ether  mixture. 

1.1352  g' substance:  5*85  ml  N2  (22.5°  757  mm).  Found  N  4.98. 

C14H19O4N.  Computed  jo:  N  5*28  ' 

Synthesis  of  3-jMkyl-2,5-dlketooxazolidines  (l'7). 

a)  3-Isopropyl-2,5-diketooxazolidine.  8.3  g  of  finely  pulverized  PCI5 
was  slowly  added  to  a  well-stirred  solution  of  9  g  of  carbobenzoxy-dl-valine 
in  40  ml  of  absolute  ether,  chilled  to  a  temperature  of  3  to  0°.  The  reaction 
mixture  was  stirred  for  I5  minutes  at  0°,  and  then  for  one  hoiir  at  room  tem¬ 
perature,  after  which  the  solution  was  filtered  to  remove  the  PCI5  residue, 
and  the  ether  was  driven  off  in  vacuum,  without  the  use  of  heat,  until  the 
mass  turned  into  a  syrjup  or  a  semi-crystalline  mass.  20  ml  of  petroleum  ether 
was  added  to  the  residue,  which  was  re-evaporated  in  vacuum,  resulting  in  the 
formation  of  a  crystalline  product  in  the  form  of  needles.  Whenever  necessary, 
this  operation  was  repeated  several  times  iintil  a  crystalline  product  insoluble 
in  petroleum  ether  was  fully  formed. 

The  residue  was  filtered  out,  thoroughly  washed  with  petroleum  ether  and 
with  a  small  quantity  of  cold  absolute  ether,  and  dried  in  a  vacuum  desiccator. 
This  yielded  4.6  g  of  a  substance  with  a  decomposition  temperature  of  79-80°. 

The  yield  was  90^*  For  analysis  the  product  was  recrystallized  from  a  small 
quantity  of  absolute  ether,  being  recovered  as  colorless  acicular  crystals  that 
melted  with  decomposition  at  80-8l° . 

0.13(46  g  substance:  11.25  ml  N2  (24. 5°, 757. 5  mm).  Found  N  9*53* 

C6H9O3N.  Computed  N  9.77. 

3-isopropyl-2,5-diketooxazolldine  is  readily  soluble  in  the  customary 
organic  solvents  and  is  converted  with  the  splitting  off  of  CO2  into  a  hlgh- 
bbiling,  insoluble  polymer  with  the  composition  of  (C5H90N)x  when  exposed  to 
the  ai^.  or  when  heated. 
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b)  3-n-propyl-2,^-dlketooxazoIidlneo  ^.5  g  of  crystalline  5-n-2,5- 
diketooxazolidine,  with  a  temp,  decomp,  of  65ir67“^  was  secured  from  9  g  of 
carbobenzoxy-dl-norvaline  by  a  procedure  resembling  that  employed  above.  ^ 

The  yield  was"^4.3'j^>.  Needles  with  a  temp,  decomp,  of  67-69°  after  crystal¬ 
lization  from  absolute  ether-. 

0.2488  and  0.1940  g  substance:  I7.8O  and  l4.0  ml  0. 1  K  HCl. 

Found  N  10.02,  10.10.  CeHgOsN.  Computed  N  9.11. 

c )  isobutyl-2 ,^-diketooxazolldine.  Like  the  preceding  compound, 

'this  was  synthesized  from  carbobenzoxy-dl-le'ucine ,  the  yield  being  80^. 

The  m.p.  of  the  product  was  48-50°  after  crystallization^ from 'absolute 
ether,  which  conforms  the  figure  in  the  literature  [5]. 

d)  3-n-butyl-2,5-diketooxazolidine.  This  was  synthesized  by  the  cus- 

'  tomary  method,  the  yield  being  85^*  It  was  crystallized  from  absolute  ether  . 
as  acicular  crystals  with  a  temp,  decomp,  of  78-80°.  ■ 

0.1458  and  0.1508  g  substance:  9*35  8.6O  ml  0.1  k  HCl. 

Found  N  9-10,  9.l6.  C7H11O3N.  Computed  N  8.95.- 

e)  5  benzyl-2, 5-diketooxazolidine.  5  g  of  PCI5  was  gradually  added, 
with  stirring  and  chilling  to  0°,  to  a  suspension  of  6  g  of  carbobenzoxy-dl- 
phenylalanine  in  40  ml  of  absolute  ether.  The  solution,  which  was  transpar¬ 
ent  at  first,  soon  turned  into  a  thick  crystalline  mass.  The  reaction  prod¬ 
uct  was  kept  at  0°  for  I5  minutes  and  then  was  diluted  with  an  equal-  volume 
of  petroleum  ether  and  stirred  for  50  minutes  at  0°;  the  precipitate  was 
rapidly  filtered  out,  washed  with  a  small  quantity  of  cold  absolute  ether, 
and  dried  in  a  vacuum  desiccator  for  50  minutes.  This  yielded  4.6  g  of  a 
crystalline  substance,  ,  the  acid  chloride  of  carbobenzoxy-dl-phenylalanine . 
The  yield  was  72^- 

The  acid  chloride  was  dissolved  in  80  ml  of  absolute  ether,  the  traces 
of  PCI5  were  filtered  out,  and  the  ether  solution  was  boiled  over  a  water 
bath  for  one  hour.  Half  of  the  ether  was  driven  off  and  50  ml  of  petroleum 
ether  was  added.  The  crystalline  precipitate  was -filtered  out,  washed  with 
a  small  amount  of  cold  ether,  and  dried  in  a  desiccator.  This  yielded  2.5  g 
of  a  substance  with  a  temp,  decomp,  of  119-121“.  The  yield  was  65%,  based  on 
the  initial  carbobenzoxy-dl-phenylalanine .  The  synthesized  5-i5enzyl-2,5-dl- 
ketooxazolidine  had  a  temp,  decomp,  of  125-125°  after  crystallization  from 
chloroform,  which  is.  the  figure  given  in  the  literature  [5]. 


III.  'Synthesis  of  Amides  of  g-Amino  Acids  (VI) . 

a)  dl-norvaline  amide.  50  ml  of  methanol  was  saturated  with  NH3  at 
0° ,  and  5-5  g  of  5-n-propyl-2,5-diketooxazolidlne  was  added  to  the  chilled 
solution.  The  reaction  was  energetic,  evolving  heat  and  yielding  an  amorphous 
white  precipitate.  After  the  reaction  mixture  had  been  allowed  to  stand  for 
an  hour  at.  room  temperatixre ,  the  precipitate  was  f  iltered  ^out ,  washed  with 
ether,  and  dried  over  CaClg  in  a  vacuum  desiccator.  It  weighed  5.2  g.  The 
reaction  product  did  not  have ^  a  sharp  decomposition  temperature  (l00-l'04°); 
analysis  indica'Ebd  that  it  was  the  ammonium  salt  of  N-carboxy-dl-norvaline  . 
amide.  (V;  R  =  n-C3HY). 

0.1090  and  0.1006  g  substance:  l8.40  and  l6.75  nil  0.1  N  HCl., 

Found  N  25.65,  25. 5I,  CeHisO.sNs.  Computed  ^  N  25-71. 

A  suspension 'of  2.9  g  of  the  product  in  50  ml  of  benzene  was  boiled  until 
all  of  it  dissolved,  considerable  CO2  and  NH3  being  liberated.  The  solution  was 
filtered  with  charcoal,  and  10  ml  of  petroleum  ether  was  added  to  the  filtrate.. 
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The  product  had  a  melting  point  of  67-69®  after  crystallization  from  benzene 
(prisms),  and  proved  to  be  ^  norvaline  amide  upon  analysis.  The  yield  was 
g  (60^  of  the  theoretical,  based  on  the  original  diketooxaEolidine) . 

0.l400  and  O.1708  g  substance:  24.02  and  29. 05  ml  0.1  N  HCl. 

Found  <jo‘.  N  24.02,  23. 81.  CSH12ON2.  Computed  N  24.12. 

‘b)  dl-valine  amide.  I.5  g  of  3-isopropyl-2,5-diketooxazolidine  yielded 
1*55  g  of  addition  product  by  the  same  procedure  as  that  employed  above; 
boiling  the  product  in  benzene  and  then  crystallizing  it  yielded  0.75  g  of 
dl-valine  amide,  with  a  m.p.  of  77-79*.  The  yield  was  61.5^,  based  on  the 
initial  diketooxazolidine. 

0.1202  and  0.1100  g  ^ubste,nce:  20.68  and  19*0  ml  0.1  N  HCl. 

Found  N  24.08,  '24:20.  C5H12ON2.  Computed.^:  N  24.12, 

The  literature  [e]  gives. the  m.p.  of  dl-valine  amide  as  78-80“ • 

c )  dl^-nor leuc inamide .  The  preceding  method  was  used  to  secure  1.45  g^ 

of  an  ‘addition  product  with  a  temp,  decomp,  of  103-107“  from  I.5  g*  of  3-n-butyl- 
2,5-diketooxazolldlne.  Analysis  of  this  substance  indicated  It  was  the  ammonium 
salt  of  N-carboxy-dl-norleuc inamide .  (V;  R  =  n-C4H9) . 

0.1398  and  0.1494  g  substance:  21.45  and  22.90  ml  0.1  n  HCl. 

.  ,  Found  N  21. 48^  21.46.  C7H17O3N3.  Computed  N  21. 97..  •  . 

Heating  this  product  in  benzene  yielded  dl -nor leuc inamide/  which  had  a 
m.p.  of  9P-91*  after  repeated  crystallization  from  benzene.  The  yield  was  65^, 
based  on  the  initial  diketooxazolidine.  '  • 

d )  dl - leuc inami de .  I.5  g  of  an  addition  product  with  a  temp,  decomp,  of 

95-99“'  was  seciAred  by  the  preceding  method  from  1.3  g  of  3-isobutyl-2,5-diketo-  , 
oxazolidine;  decomposing  this  product  by  boiling  it  in  benzene  yielded  0.62  g 

of  dl-leucinamlde ,  with  a  m.p.  of  106-108“ .  The  yield  was  60^.  The  literature 
gives  the  m.p.  of  dl  -  leuc  inami  de  as  106-107,“  [®]..-0.1230  and  O.1318  g.  sub.:  l8'.80 
and  20.08  ml  O-.l  N  HCl.  Found  N  21.40,  21.33.-  C6H;l40N2.  Computed  jt:  N  21.52. 

.  e;  dl--phehylalaninamide.  This  was  prepared  by  the  foregoing  method,  the 

yield  being  65^. lamellae, (from  benzene)  with  a  m.p.  of  137-159° ^  which  is 
the  figure  given  in  the  literature.  .  . 

SUMMARY 

1.  A  method  is  described  for  synthesizing  and  isolating  3->alkyl-2,5- 

diketooxazolidlnes,  based  on  the  reaction  of  carbobenzoxy  a-amino  acids  with 
PCI5' in  ether.  '  ,  •  . 

2.  A  study  has  been  made  of  the  addition  of  ammonia  to  3-alkyl-2,5- 
dlketooxazolidlnes,  which  results  in  the  synthesis  of  amides  of  the  a-amino 
acids.  A  new  method  is  advanced  for  synthesizing  the  amides  of  a-amino  acids. 
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SjYNTHESES  op  derivatives  op  «-amino  acids 

III.  The  Synthesis  of  Decarboxydipeptides  ‘ 
V  P.  Kucherov  and  M.  I.  Dorokhova 


A  study  of  the  problems  involved  in  the  fermentative  decarboxylation  of  . 
peptides  and  their  biochemical  transformations  led  to  a  chemical  and  physio¬ 
logical  investigation  of  several  decarboxydipeptides,  ,so°ie  oi*  which  proved  to  ^ 
be  substances  of  pharmacological  interest  [i]‘.  Up  to  the  present  time,  how¬ 
ever,  the  feasibility  of  chemical  synthesis  in  this  field  has  been  confined  to 
a  single  known  method,  involving  the  condensation  of  acid  chlorides  of  the  a- 
amino  acids  with  the  respective  amines,  followed  by  amlnation,  as  follows: 


R 


CH  —  COCl 


Br 


+NH2Alk 


^  R  —  CH  —  CONHAlk  R 
Br  ’ 


CH  —  CONHAlk 

llfHs 


^  Several  decarboxydipeptides  [2]  and  decarboxypolypeptides  [3]  have  been 
synthesized  by  this  methpd,  and  their  physiological  properties  explored.  None¬ 
theless,  this  method,  which  furnishes  hardly  satisfactory  yields  (especially  in 
the  amination  stage),  is  not  a  satisfactory  preparative  method  for  synthesizing 
the  decarboxydipeptides. * 


In  our  search  for  a  new  method  of  synthesizing  the  decarboxydipeptides,  we 
made  use  of  the  reactivity  of  5-alkyl-2,5-diketooxazolidines,  described  in  our 
preceding  report  [4].  We  found  that,  like  ammonia,  various  primary  aliphatic _ 
amines  rea.ct  readily  with  5-3lkyl-2,5-diketooxazolidines  (l)  in  alcohol,  yield¬ 
ing  the  corresponding  substituted  amines  of  a-amlno  acids  (the  decarboxypeptides) 
(II): 

R  —  CH  —  COv^^  —  QH  —  CONHAlk  R 

I  >0  +  AlkNH2  — >-  ]  _ ^ 

NH  —  CO^  .  NHC00H”NH2Alk 

(I)  (III) 


—  CH  —  CONHAlk 


NH2 

(II) 


In  the  case  of  methylamine  we  were  able  to  recover  the  intermediate  addi¬ 
tion  products  (ill)  for  some  of  the  5-alkyl-2,5-diketooxazolldines,  which  yielded 
the  corresponding  methylamides  of  the  a-amino  acids  when  heated  in  alcoholic  sol¬ 
ution,  splitting  pff carbon  dioxide  and  methylamine  (as  in  the  reaction  with  am¬ 
monia). 


In  the  other  amines  the  reaction  yields  the  reaction  end  product  (ll)  dir¬ 
ectly...  The  reaction  of  the  3-alkyl-2,5-diketooxazolidines  with  primary  amines' 
is  extremely  smooth,  making  it  possible  to  secure  various  decarboxydipeptides 
with  yields  of  60-80^.  These  compounds  are  high-boiling,  viscous  liquids,  which 
solidify  into  low-melting  crystalline  substances  in  some  cases. 

We  are  pursuing  our  investigation  of  the  reactive  properties  of  the  3-alkyl- 
2,5-diketooxazolidines-. 
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EXPERIMENTAL 


V 

General  method.  One  mq!  of  a  3-alkyl -I?, 5-oKazol  idine  was  gradually  added,  . 
Vith  stirring  and  chilling  to  13-0*,  to  a  solution  of  3-6  mols  of  the  amine  in 
anhydrous  methanol.  The  reaction  is  rs-ther  violent ,  heat  being  evolvedo  The 
temperature  is  not  allowed  to  rise  above  0‘’>-tbe  transparent  solution  being  kept 
at  this  temperature  for  30  Mnutes  after  all  the  diketooxazol idine  has  been  added. 
In  the  reactions  with  methylamine  the  methanol  was  driven  oor  to  dryness  in  vac¬ 
uum  without  the  use  of  heat,  the  solid  amorphous  mass  that  was  the  intermediate 
reaction  product  [the  methylamine  salt,  of  the  corresponding  me^thylamlde  of  the  N- 
carboxy  a-amino  acid  (ll)]  being  filterable  after  treatment  with  ether.  It  was 
boiled  in  methanol  solution  for  one  hour  by  way  of  further  procescing,  the  oil 
left* behind  when  the  methanol  was  driven  off  being  distilled  in  vacuum.  The 
intermediate  reaction  products  formed  with  the  higher  amines  cannot  be  isolated 
because  of  their  instability  and  high  hygroscopic ity.  In  these  instances  the 
transparent  methanol  solution  secured  by  reacting  an  excess  of  the  amine  with 
the  3-alkyl “2, 5“dlketocxazolidine  was  allowed  to  stand  for  one  hour  at  room, 
temperature,  'after  which  the  methanol  and  the  excess  amine  were  driven  off  in 
a  slight  vacuum,  and  the  residual  liquid  was  distilled  in  vacuum. 

As  a  rule,  the  decarhoxydipeptides  synthesized  by  this  method  are  pure 
enough  after  the  first  distillation,  boiling  within  a  2*  range.  The  yields 
are  80-85^  for  the  higher  decarhoxydipeptides. 

1.  dl-Valyldecarboxyglycihe.  3-3  g  of  3-iBopropyl  •2,3-diketoo.x8,zol  id-lne 
was  slowly  added,  with  stirring  and  chilling  to~3-0",  to  20  mi  of  a  20^  sol¬ 
ution  of  methylamine  in  anhydrous  methanol.  The  solution  was  kept  at  0"  for  ' 

50  minutes,  and  then  the  methanol  was  driven  off  to  drynp;ss  in  vacuum,  without 
the  application  of  heat.  The  remaining  solid,  amorphous  reaction  product  was  • 
treated  with  absolute  ether,  and  the  precipitate  was  filtered  out,. washed  with 
ethe.r,  and  dried  withCaCls  in  a  vacuum  desiccator.  Weight  3  =  9  g=  The  product 
had  a  broad  temp,  de comp. “of  96-102*,  its  analysis  indicating  that  it  was  the 
methylamine  salt  of  the  methylamide  of ' N-carboxy-dl- valine  (ill,  R  •=  iso''-C3H7; 

Aik  =  CHa).  ,  -  ,  ,  ■  . 

0.1112  and  O.I5LO  g  substance:  16.3^  and  22.37  rol  0.1  N  HCl. 

Found  %  N  20.57,  20.52.  C8H19O3N3.  Computed  ^  N  20. U7. 

A  solution  of  5*5  g  of  the  product  in  20  ml  of  methanol  wa.s  boiled  for  1. 
hour  over  a  water  bath,  the  methanol  was  driven  off,  and  the  residue  was  dis¬ 
tilled  in  vacuum.  This  yielded  1.6  g  of  dl-valyl  decarbo.xyglyclne ,  a  bright, 
viscous  liquid  with  a  b.p.  of  109-110°  at  2  mm.  The  yield  was  53^»  based  on 
the  initial  3-isopropyl-2,5-diketooxazoli-dine . 

*  ng°  1,4712.1  d|°0.99405  MR  36.62j  Computed  36.94.  0.1U44  s-nd  0:1656  g 

substance:  22,55  and  22.60  ml^O.l  N  HCl.  Found  N  21,67,  21.64.  CoHi^ONs^. 
Computed  N  21.52,  .  '  ... 

2 .  dl -Norvalyldecarboxyglyc ine .  This  was  synthesized  la  the  usual  fashion 
from  3‘'n- propyl-2, 5-diketooxazplidlne  and  methylamine  without  isola.ti.ng  the 
intermeuiate  reaction  product.  The  yield  was,  56,5^.  A  light,  vi.ecoua  liquid 
with  a  b.p.  of  1|L0-111*  at  2  mm. 

n^°.l,4702j  d|°  0o9884;  MR  '36.77;  computed  ^6.94,,  '  O.l.bo'i  aad 
g  substance;  24,77  and  23. 10  ml ^0.1  N  HCl.v  Found  ^  N  21  62,  23;. 86,  ’  ’  ' 

C6H14ON2.  Computed  ^  N  21.52.  . 

3.  dl-Leucyldecarboxyglyclne.  The  method  used  to'  .Synl'hesi.if.;  dl-valylde~ 
carboxyglycine  was  used  to  secure  2.1  g  of  the  m.e.J>hy.lam •  re  salt  of ’the  metnylaml^e 

♦  The  analyses  were  performed  by  F.V.  Rasina. 


.1628 


of  N-carboxy-dl- leucine  (ill,  R  =  iso-C4H9ji  Aik  =  CH3)  with  a  temp,  decomp, 
of  98-104°,  from  2  g  of  5-iso'butyl-2,5-diketooxazolidine  and  20  ml  of  a  20^ 
solution  of  methylamine  in  methanol. 

1.1260  g  substance;  I6.85  ml  0.1  N  HCl.  Found  ^  N  18:72.  C9H21O3N3. 

Computed  ^  N  19.I6. 

Heating  this  product  in  methanol,  followed  by  vacuum  distillation, 
yielded  55^  of  dl-leucyldecarboxyglyc ine ,  a  thick,  colorless  liquid  with  a 
b.p.  of  151°  at  3  nun. 

I.467OJ  d|°  O.969O5  MR  41.3O5  Computed  41.56. 

1.1468  and  0.l8l4  g  substance:’  16,95  a-nd  24.70  ml  0.1  N  HCl.  Found  N  19.11^ 
19:00.  C7H16ON2.  Computed  ^  N  19.42. 

The  b.p.  given  in  the  literature  for  dl-leucyldecarboxyglyc ine  is  l46-l47° 
at  12.5  mm. 

4.  dl-Norleucyldecarboxyglycine.  This  was  synthesized  in  the  usual  man¬ 
ner  from  3-n  butyl-2, 5-diketooxazolidine  and  methylamine  without  isolating  the 
intermediate  reaction  product.  The  yield  was  60^.  A  bright,  viscous  liquid 
with  a  b.p.  of  120-121°  at  2  mm. 

n^°  1.46855  df®  0.96745  MRj)  41.475  computed  41.56. 

0.1652  and  0.l840  g  substance:  25.00  and  25.75  ml  0.1  N  HCl.  Found  ^  N  19*50^ 
19.61.  C7H16ON2.  Computed  ^  N  19.42 

The  product  gradually  solidified  into  an  acicular  low-melting  mass  when 
allowed  to  stand  for  a  long  time. 

5 .  dl*Phenylalanyldecarboxyglyc ine .  This  was  synthesized  in  the  usual 
manner  from  5-'benzyl-2,5-dlketooxazolidine  and  methylamine,  the  yield  being 
45^.  A  bright,  viscous  liquid,  with  a  b.p.  of  165-167“  at  3  mm,  which  solidl- 
Ified  into  a  low-melting  acicular  mass  upon  standing. 

0.1162  and  0.1212  g  substance:  13.15  and  13.55  ml  0.1  N  HCl.  Found  ^  N  15.48, 
15.32:  C10H14ON2.  Computed  ^  N.  15.71’. 

6.  dl-’Valyldecarboxyleucine.  5.6  g  (80^  of  the  theoretical)  of  dl-valyl- 
decarboxyleucllne,  a  viscous,  colorless  liquid  with  a  b.p.  of  l40-l42°  at  5  mm, 
Vas  synthesized  by  the  general  method  from  3*5  8  of  3-lsopropyl-2, 5-diketooxa¬ 
zolidine  and  6  g  of  methylamine. 

ng°  1.4620,  d|°0.9275,  MRd  55.23,  computed  55.42. 

0.1578  and0.l804  g  substance;  17.22  and  19.48  ml  0.1  N  H2SO4.  Found  ^  I5.28, 
15.12.  C10H22CN2.  Computed  ^  N  15.04 

7.  dl-Leucyldecarboxyleucine.  This  was  synthesized  by  the  general  method 
from  5-isobutyl-2,5-dlketooxazolidine  and  isoamylamine,  the  yield  being  84.3^. 

A  viscous,  colorless  liquid  with  a  b.p.  of  150-151°  at  5  mm. 

ni°  1.4608,  d|°  0.9161,  MR  59.98,  computed  60.05. 

0.1858  and  0.1550  g  substance,  18,76  and  15.84  ml  0.1  N  H2SO4.  Found  ^  N  l4.l4, 
14.30.  C11H24ON2.  Computed  ^  N  13.93. 

8.  dl-’Valyldecarboxyphenylalanine .  This  was  synthesized  from  3-isopropyl- 
2, 5-diketooxazolidine  and  ^ -phene thy lamine,  the  yield  being  85^.  A  viscous, 
colorless  liquid  with  a  b.p.  of  190-191“  at  5  mm. 

n?°  1^5275,  1.0376,  MR  65.33,  computed  65.67. 

0.1976  and  -0.2154  g  substance^  l8.02  and  19-57  ml  0.1  N  H2SO4.  Found  ^  N  12.77 
12.72.  C13H20ON2.  Computed  ^  N  12.72. 
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9.  .  dl-Leucyldecarboxyphenylalanlne.  From  3-isolDUty] -2,5-diketooxazol- 
idine  and  3-rphenethylamine,  the  yield  being  8^.  ‘  A  viscous,  colorless  liquid 
with  a  b.p.  of  170-171“  at  1  mm4 


n^”  1.5212,  I0OI75,  MR  70.15,  computed  7O.29. 

0.1532  and  0.1824  g  substance;  11.55  and  15.73  ml  0.1  N  HgS04, 

12.07.  C14H22ON2.  Computed  %  N  11. 9^. 

The  hydrochloride  had  a  m.p.  of  202-205“,  which  is  in  conformity  with  the 
figure  given  in  the  literature [2].  . 
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Found  ^  N  12.14, 


10.  .dl-Norleucyldecarboxyphenylalanine .  This  was  secured,  with  a  yield 
of  82^,  from  5“n-butyl-2,5-diketooxazolidine  and  p -phene thy lamine.  A  viscous, 
colorless  liquid  with  a  b.p.  of  175-176"  at  1  mm.  Upon  standing,  the  product 
crystallized  rather  rapidly  into  a  colorless  acicular  mass. 


0.1996  and  0.1966  g  substance;  17.25  and  16.82  ml  0.1  N  H2SO4.  Found  ^  N  12.09, 
11.98.  C14H22ON2.  Computed  ^  N  11. 96. 


SUMMARY 


1.  A  new  method  is  described  for  synthesizing  dec arboxydipept ides,  based 
upon  the  reaction  of  5-alkyl-2,5-diketooxazolidines  with  primary  aliphatic 
amines. 


2,  Several  new  decarbozydipeptides  have  been  synthesized  and. described. 
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THE  CONDENSATION  OP  ALKYL  VINYL  ETHERS  WITH 


WITH  AMIDES  OP  MONOCARBOXYLIC  ACIDS 

A  NEW  METHOD  OP  SYNTHESIZING  ETHYLIDENEDIACYLAMIDES 

M.  Q.  Voronkov 


We  have  previously  explored  the  addition  of  monocarhoxylic  acids  to  alkyl 
vinyl  ethers,' which  result  in  the  smooth  formation  of  alkoxy  ethylldene  carbox¬ 
ylic  ethers  [1,2]  as  follows-: 


CH2  =  GH  —  OAlk  +  HOCOR 


H+^ 


CH3 - CH' 


OAlk 

OCOR 


In  the  light  of  this  reaction  one  might  expect  that  amides  of  monocarhoxylic 
acids  would  similarly  be  added  in  their  tautomeric  form  to  alkyl  vinyl  ethers: 


OAlk  +  H 


T 

NH 


When  the  alkyl  vinyl  ethers  were  reacted  with  the  acid  amides,  however,  we 
found  that  the  end  products-  were  not  alkoxyethylidene-O-acylamiaes,  but  ethyl- 
Iden-di-O-acylamides,  together  with  the  corresponding  acetal  and  alcohol,  formed 
as  follows: 


CH2  =  CH  —OAlk  +  HOCR 

II 

NH. 


H+ 


CH3  —  CH<^ 


OAlk 


1 


R 

H- 


+H0C(=NH)R 


— ^CHa  —  CH(CCR)2  +  AlkOH 
'  NH 

CH2  =  CH  —  OAlk  +  AlkOH  — >CH3  — CH(0Alk)2. 


Though  the  alkoxyethylidene-O-acy^-amides,  which  were  the  hypothetical  inter¬ 
mediate  reaction  products,  were  not  isolated,  the  foregoing  reaction  seems  to  be 
the  most  probable  one.  Nor  can  we  exclude  the  possibility,  moreover,  that  the 
alkoxyethylidene-O-acylamide  is  simultaneously  rearranged  into  the  corresponding 
acetal  and  ethylidene-dl-D-acylamide:  ■  '  . 


2CH3  —  CH<^ 


OAlk 

pCR 

1 


■^CH3CH(0Alk)2  +  CH3-CH(0CR)2 

h 

NH 
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We  condensed  alkyl  vinyl  ethers  with  amides  of  monocarboxyl ic  acidSj,  us¬ 
ing  ethyl  vinyl  and  butyl  vinyl  ethers  and  acetamide,  benzamide,  and  phenyl- 
acetamine.  Inasmuch  as  these  amides  are  not  soluble  in  alkyl  vinyl  ethers, 
they  were  dissolved  in  hot  anhydrous  acetone  before  being  placed  in  reaction.* 

A  few  drops  of  concentrated  hydrochloric  acid  were  added  to  the  reaction 
mixture  as  a  catalyst.  Two  to  three  minutes  of  heating  were  sufficient  to  com¬ 
plete  the  Teaction.  The  resultant  ethylidenediacylamlde  settled  out  as  a  .finely 
crystalline,  white  precipitate  when  the  reaction  mixture  was  chilled.  The  yields 
were  75*85^ 


We  have  likewise  demonstrated  that  the  formation  Teaction  of  ethylidine- 
diacylamide  occurs  in  the  absence  of  a  catalyst.  Thus,  ethyl ideneacylamide 
is  formed  by  protracted  heating  of. butyl  vinyl  ethers  and  acetamide  in  a  sealed 
tube  at  100° . 

Up  to  the  pre.sent  time,  the  ethylidenediacylamlde s  have  been  synthesized 
by  condensing  acetaldehyde  with  acid  amides  [3,6]**  or  with  nitroles  (in  sul¬ 
furic  acid)  (7,8].  Ethylidenedibenzamide  was  likewise  prepared  by  reacting 
aldehyde  ammonia  with  benzoyl  chloride  [9].  These  compounds  were  assigned  the 
structure  of  ethylidenedi-N-acylsunides: 

CH3  —  chCnhcor)2. 

It  seems  to  us,  however,  that  the  structure  of  0-derivatives  CH3CH(XR)2 

Hh 

is  more  likely  for  them,  inasmuch  as  the  ethylidehedlacylamides  are  readily  hy¬ 
drolyzed  by  dilute  mineral  acids  or  even  by  water,  yielding  acetaldehyde  and  an 
amide,  then  being  converted  into  the  ammonium  salt  of  the  corresponding  acid,  and 
finally  ending  up  as  the  free  carboxylic  acid  as  the  result  of  the  action  of  an 
excess  of  the  mineral  acid.  Hence,  the  hydrolysis  reaction,  which  takes  place 
as  follows: 

.0C(=NH)R  •  OH 

^  CH3“CH<^  — 2214.  0H3-CH<f  + 

0C(=NH)R  '  OH 


H0C{=NH)R\^g^ 

hoc(=nh)r  ^ 


— >  CH3CH0  +  2RCOONH4  ,  ^ 

supports  the  proposed  structure  df  the  ethylidenediacylamides,  since  we  know 
that  0-substituted  acid  amides  (imino  ethers)  are-  hydrolyzed  similarly: 


CH3  -  C  —  OR 
NH 


CH3  -  Cj  -  OH  + 
NH 


HOR  CH3COONH4  +  ROH. 


The  N- substituted  acid  amides,  on  the  other  hand,  yield  amines  and  carbox¬ 
ylic  acids  upon  hydrolysis: 


CH3  -  C  -  NHE 


CH3  -  C  -  OH  +  H2NR. 


•  The  presence  of  water  interferes  with  the  reaction. 

••  The  Russian  scientist  Tavildarov  was  the  first  to  cariy  out  this  reaction,  [s] . 
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EXPERIMENTAL 


The  original  alkyl  vinyl  ethers  were  prepared  and  purified  by  the  method 
described  by  us  previously  [2,10]  and  had  the  following  constants;  ethyl  vinyl 
ether  -  b.p.  55* 7“  (758*5  mni);  dfP  O.7531,  n§°  1. 57^57 J  and  butyl  vinyl  ether- 
b.p.  93. 8*  (760  mm)t  d|°  0.7792,  ng°  1.40l66. 

The  acetamide  was  recrystallized  from  anhydpous  acetone,  washed  with  ab¬ 
solute  ether  and  desiccated  in  vacuum  with  P2O5.  M.p.  82,2°. 

The  benzamide  was  purified  by  the  shme  method.  M.p.  128.5"* 

The  phenylacetamide  was  synthesized  by  agitating  methyl  pheny lac etate  with  • 
five  times  its  volume  of  concentrated  ammonia  for  a  long  time.  The  ester  in 
turn  was  prepared  with  a  yield  of  88'5t'by  boiling  phenylacetic  acid  with  a  three¬ 
fold  excess  of  absolute  methanol  in  the  presence  of  sulfuric  acidj  its  b.p.  was 
2l4*  (uncorrected).  The  crystals  of  phenylacetamide  that  settled  out  were  suc¬ 
tion-filtered,  washed  with  ammonia  and  with  water,  and  ’desiccated  in  vacuum  with 
H2SO4.  The  yield  of  the  amide,  with  a  m.p.  of  157*5" ^  was  90^  of  the-  theoret¬ 
ical.  The  amide  was  recrystallized  from  alcohol,  washed  with  absolute  ether, 
and  desiccated  in  vacuum  with  P2O5. 

The  acetone  was  desiccated  for  10  days  with  calcium  chloride  and  distilled 
into  a  rectifying  tower.  Its  b.p.  was  58.2*  (759  mm). 

Ethylldenedi-O-acetamide  ^  CH3^H(0C-CH3)2 

NH 

a)  Reaction  of  acetamide  with  ethyl  vinyl  ether.  5*9  g  (O.l  mol)  of 
acetamide  and  15  ml  of  acetone  were  placed  in  a  small  wide-necked,  round-bottomed 
flask  fitted  with  a  reflux  condenser.  The  mixture  was  heated  until  all  the ^amide 
dissolved,  and  7*2  g  (0,1  mol)  of  ethyl  vinyl  ether  was  added,  with  constant  r  ' 
stirring,,  following  by  2  drops  of  concentrated  HCl.  The  reaction  mixture  was 
heated  for  another  2-5  minutes  and  set  aside  to  stand  overnight.  As  it  cooled 
off,  a  white,  finely  crystalline  precipitate  of  ethylidenedlacetamide  begain  to 
settle  out  of  the  mixture  rapidly.  The  crystals  were  suction-filtered  out, 
washed  with  5  ml  of  aold  absolute  ether,  and.  desiccated  in  vacuum.  This  yielded 
5.9  g  (82^  of  the  theoretical)  of  a  substance  with  a  m.p.  of  178-179°*  One 
recrystallization  from  absolute  methanol  proved  to  be  sufficient  to  yield  a  ^ 
wholly  pure  ethylidenedlacetamide,  'with  a  m.p.  of  I8O.5-+  0.5°. 

0.0506  g  substance:  5*2  ml  N2(22°,  765*8  mm);  0,0448  g  substance:  7*7  ml 
■N2  (22.2°,  766.0  mm),  0.0944  g  substance:  10.02  g  phenol:  At  0.48°;  0.1260  g 
substance; 10. 2  g  phenol:  A  t  0.64°.  Found  ^  N  19*45,  19*51*  M  158,  l4l. 
C6H12O2N2.  Computed  ^  N  19*455  M  144.17. 

A  sample  mixed  with  ethylidenedlacetamide  prepared  from  acetaldehyde  and 
acetamide  [4]  exhibited  no  depression. 

The  figure  given  in  the  literature  for  ethylidenedlacetamide:  Noyes  and 
Forman  [4]  -  m.p.  l80° . 

The  synthesized  ethylidenedlacetamide  consisted  of  colorless  prismatic 
crystals  that  were  Insoluble  in  benzene  or  ether,  but  were  soluble  in  alcohol 
and  water.  Eydrolysis  with  dilute  sulfiarlc  acid  yielded  acetaldehyde,  acetic 
acid,  and  ammonium  sulfate.  Ethyl  alcohol,  diethyl  acetal,  and  a  small  amount 
of  additional  ethylidenedlacetamide  were  recovered  and  Identified  from  the  fil¬ 
tered  acetone  solution  and  the  wash  ether  after  they  had  been  neutralized. 

The  specifledconditionfe  for  synthesizing  ethylidenedlacetamide  from  ethyl 
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vinyl  ether  are  the  optimum  ones.  We  also  ran  12  tests  on  the  condensation  of 
0.1  mol  of  acetamide  with  ethyl  vinyl  ether  in  acetohe,  the  quantity  of  ethyl 
vinyl  ether  used  varying  from  O.O5  to  0.2  mol,  and  that  of  the  acetone  ranging 
"from  5  to  25  ml.  Varying  the  amount  of  solvent  within  the  foregoing  range  had 
practically  no  effect  upon  the  yield  of  ethylldenediacetamide,  whereas  reducing 
the  amount -of  the  initial  ethyl  vinyl  ether  used  to  O.O5  mol  lowered  the  yield 
to  4. 2-4. 4  g,  and  raising  it  to  0.2  mol  caused  hardly  any  Increase  in  the  yield. 


b)  Reaction  of  acetamide  with  butyl  vinyl  ether.  50 -O  g  (O.5  mol)  of  butyl 
vinyl  ether  was  added  to  a  hot  solution  of  17»7  g  (0.3  mol)  of  acetamide  in  40mL 
of  acetone,  after  which  2  drops  of  concentrated  hydrochloric  acid  was  added  with 
constant  stirring.  The  reaction  mass  was  boiled  for  a  few  minutes  and  then  set 
aside  to  stand  overnight.  (As  soon  as  it  coole'd,  it  hardened  into  a  snow-white 
crystalline  mass).  The  crystals  were  suction-filtered  out,  washed  with  absolute 
ether,  recrystallized  from  methanol,  and  dried  at  100°.  The  yield  of  the  pure 
substance  with  a  m.p.  of  I8O.5®  was  16.O  g  (74^  of  the  theoretical).  Samples 
mixed  with  the  ethylidenediacetamides  prepared  from  ethyl  vinyl  as  well  as  from 
acetaldehyde  exhibited  no  depression. 

Distillation  in  vacuum  of  the  neutralized  filtrate  yielded  butyl  alcohol, 
dibutyl  acetal,  and  some  ethylldenediacetamide,  all  of  which  were  identified. 

c)  Reaction  of  butyl  vinyl  ether  with  acetamide  with  no  catalyst  present. 
2.96  g  (0.05  moi)  of  acetamide  was  heated  in  a  sealed  tube  to  100®  with  5*01  g 
(0.05  mol)  of  butyl  vinyl  ether  for  50  hours.  As  the  contents  of  the  tube 
cooled,  they  crystallized  completely.  Double  recrystallization  from  alcohol 
yielded  crystals  with  a  m.p.  of  l80°,  which  were  proved  to  be  the  same  as 
ethylldenediacetamide  by  a  mixed  fusion  test. 

Ethylidenedl-O-benzamide  CH3  -  CH(0C  -  00115)2 

NH 

a)  Reaction  of  benzamide  with  ethyl  vinyl'  ether,  12.1  g  (0.1  mol)  of 
benzamide,  7-2  g  (0.1  mol)  of  ethyl  vinyl  ether,  and  50  ml  of  acetone  were 
placed  in  a  small  wide-necked,  round-bottomed  flask  fitted  with  a  reflux  ccn- 
denser.  The  reaction  mixture  was  heated  until  all  the  benzamide  had  dissolved, 
and  then  3  drops  of  concentrated  hydrochloric  acid  were  added  to  the  vigorously 
stirred  solution.  After  being  boiled  for  2-5  minutes,  the  reaction  mixture  was 
allowed  to  stand  overnight,  hardening  into  a  white,  finely  crystalline  mass  as 
it  cooled.  The  crystals  were  diluted  with  absolute  ether  chilled  to  0* ,  and 
then  suction-filtered  out,  washed  with  a  small  quantity  of  the  same  solvent,  and 
dried  at  100°.  The  yield  of  a  substance  with  a  m.p.  of  196°  was  9*4  g  (70^  of 
the  theoretical).  Double  recrystallization  from  alcohol  yielded  a  completely 
pure  substance,  small  white,  silky  needles  with  a  m.p.  of  204.1  +  0,5°. 

0.0865  g  substance:  8.0  ml  N2  (24®,  769*6  mm).  O.O909  g  substance:  8.4  ml 
N2  (24®,  770  mm).  0.0511  g  substance:  10.29  g  phenol;  At  0.14®)  O.O826  g 
substance)  10.29  g  phenol:  A  t  0.22®.  Found  ^  N  10.46,  10.45 .  M  256,  260. 
C16H16O2N2.  Computed  ^  N  10.44,  M  268.31* 

\ 

Figures  in  the  literature  for  ethylidenedibenzamide:  Hepp  and  Spiess  [t] 
m.p.  204°,  Limpricht  [9]  and  Kraut  and  Schwartz  [n]  —  m.p.  202-204°.  * 

The  substance  is  slightly  soluble  in  hot  water,  and  soluble  in  chloroform, 
carbon  disulfide,  boiling  ether,  and  boiling  alcohol.  It  dissolves  readily  in 
concentrated  sulfuric  and  nitric  acids,  yielding  benzoic  acid.  The  latter  is 
also  formed  when  the  substance  is  boiled  with  10^  sulfuric  acid.  The  substance 
does  not  react  with  a  boiling  concentrated  solution  of  NaOH.  Benzamide  and 


acetaldehyde  are  formed  when  it  is  heated  with  water  to  150°  in  a  sealed  tube 
of  when  it  is  reacted  with  a  0.1^  aqueous-alcoholic  solution  of  HCl. 

b)  Reaction  of  benzamide  with  butyl  vinyl  ether.  24.2  g  (0.2  mol)  of 
benzamide,  20.0  g  (0.2  mol  )  of  butyl  vinyl  ether,  and  70  ml  of  acetone  were 
placed  in  a  small,  wide-necked  flask  fitted  with  a  reflux  condenser.  The  reac¬ 
tion  mixture  was  heated  until  all  the  benzamide  had  dissolved,  after  Vhich  5 
drops  of  concentrated  hydrochloric  acid  were  added  to  the  stirred  solution. 

The  reaction  mixture  was  boiled  for  2-5  minutes  and  then  set  aside  to  stand 
overnight.  The  precipitated  crystals  of  ethylidenedlbenzamide  were  suction- 
filtered  out,  washed  with  a  small  amount  of  cold  absolute  ether,  and  dried  at 
100°.  The  yield  was  21.8  g  (80^  of  the  theoretical).  Double  recrystalliza- 
tlon  from  alcohol  yielded  a  substance  that  fused  at  204° .  A  sample  mixed  with 
the  ethylidenedlbenzamide  prepared  from  the  ethyl  vinyl  ether  fused  at  203-204° 

Ethylidenedl-O-phenylacetamide  CH3  -  CH(0  ”  ~  0H2C6H5)2 

NH 

13 *5  g  (0.1  mol)  of  phenylacetamlde,  12.0  g  (0.12  mol)  of  butyl  vinyl  ethter, 
and  90  ml  of  acetone  were  placed  in  a  small  wide-necked,  round-bottomed  flask 
fitted  with  a  reflux  condenser.  The  mixture  was  heated  to  boiling  (part  of  the 
amide  remaining  undlssolved) ,  and  2  drops  of  cencentrated  hydrochloric  acid  were 
added  to  it. 

The  reaction  mixture  was  boiled  for  five  minutes  and  then  set  aside  to 
stand  overnight,  solidifying  as  it  cooled  into  a  finely  crystalline  mass.  The 
crystals  were  diluted  with  50  ml  of  acetone,  suction-filtered  out,  washed  ..with 
the  same  solvent,  and  dried  at  100°.  The  yield  of  ethylldenediphenylacetamide 
was  12.0  g  (81^  of  the  theoretical))..  A  single  recrystallization  from  alcohol 
yielded  a  completely  pure  substance,  with  a  m.p.  of  227-3  +  0*5°,  as  highly 
tangled,  silky,  small  white  needles. 

0.097^  g  substance:  8.2  ml  N2  (23*,  770  mm);  O.O996  g  substance;  8.5  ml  N2 
(26°,  768  mm).  0.0430  g  substance  9»55  g  phenol:  At  0.10°,  0.0764  g  substance; 
955  g  phenol:  A  t  0.'l9°.  Found  ^  N  9.69,  9.52.  M  309,  303.  C18H20O2N2.  Com¬ 
puted  ^  N  9.45,  M  296.96. 

Figures  in  the  literature  for  ethylldenediphenylacetamide:  Bernthsen  [e] 
m.p.  227-228°;  Henle  and  Schupp  [s]  m.p,  224-225°. 

The  substance  is  slightly  soluble  in  ether,  acetone,  or  boiling  water,  dis¬ 
solving  readily  in  boiling  alcohol.  Phenylacetlc  acid  and  acetaldehyde  are  formed 
when  it  is  boiled  with  10^  H2SO4 . 

SUMMARY 

Ethyl  vinyl  and  butyl  vinyl  ethers  and  acetamide,  benzamide  and  phenylacet- 
amide  have  been  used  to  show  that  alkyl  vinyl  ethers  are  readily  condensed  with 
the  amides  of  aliphatic,  aromatic  and  aliphatic -aromatic  monocarboxyl ic  acids, 
producing  high  yields  of  ethylidenedi-Q-acylamides.  Ethylldenedlacetamide, 
ethylidenedlbenzamide,  and  ethylldenediphenylacetamide  have  been  synthesized 
and  described,  and  the  structure  of  these  compounds  is  discussed. 
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THE  HYDROLYSIS  OP  DIPHENYLUREA  (CARBANILIDE) 

I.  M.  Kogan  and  D.  P.  Kutepov 


Very  little  research  has  been  done  on  the  hydrolysis  of  carbanilide  (l). 
According  to  the  literature,  carbanilide  is  highly  stable  [i].  Carbanilide 
was  first  cleaved  successfully  into  aniline  and  carbon  dioxide  by  heating  it 
to  180®  in  a  sealed  glass  tube  with  concentrated  hydrochloric  acid  [2].  The 
cleavage  products  of  carbanilide  are  also  secured  by  boiling  it  for  a  long 
time  with  acetic  anhydride  and  sodium  acetate  [3].  When  carbanilide  is  fused 
with  alkalies,  aniline  is  split  off  and  triphenylguanidine  is  formed  [4]. 


Carbanilide  is  best  hydrolyzed  by  heating  it  to  140-150°  with  an  alcoholic 
solution  of  ammonia  under  pressure,  yielding  anilihe  and  urea  [5].  The  behavior 
of  carbanilide  in  a  sulfuric  acid  solution  is  of  interest  .[e] .  pure  carbanilide 
dissolves  in  concentrated  sulfuric  acid  even  in  the  cold,  forming  a  pale  yellow 
transparent  solution,  which  can  be  kept  for  days  without  change;  dilution  with 
water  precipitates  the  carbanilide  anew. 


It  may  be  Inferred,  therefore,  that  carbanilide  forms  a  sulfate  with  con¬ 
centrated  sulfuric  acid,  which  is  unstable  in  the  presence  of  water.  When 
carbanilide  is  dissolved  in  sulfuric  acid  and  heated  over  a  water  bath,  we 
get  p,p* -carbanilldedisulfo  acid  (ll),  the  sulfo  derivative  being  instantly 
hydrolyzed  to  yield  sulfaniMc  acid.  Carbanilide  is  apparently  hydrolyzed  more 
easily  in  an  alkaline  medium,  especially  if  it  contains  a  sulfo  group.  This  is 
indicated  by  the  paper  by  Ostrozhinskaya  and  Kozlova  [7],  who  found  that  the 
urea-N-acid  was  rapidly  hydrolyzed  in  a  soda  solution,  being  converted 

into  a  salt  of  an  N-acld.  The  extent  of  hydrolysis  was  found  to  be  proportional 
to  the  temperature  and  the  length Qf”  heating:  about  25^  of  the  allc  acid  was 
hydrolyzed  when  heated  to  100*  in  a  31^  soda  solution  for  1  hour.  * 


+  HgO  +  CO2 


v 
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‘  In  view  of  the  importance  of  carhanillde  derivatives  at  the  present  time 
we  are  interested  in  making  a  more  detailed  study  of  the  hydrolysis  of  carhan- 
ilide  in  various  media.  Sulfuric -acid  hydrolysis  was  effected  by  heating  the 
carbanilide  with  a  given  concentration  of  sulfuric  acid  to  I50®  in  a  flask  over 
an  oil  bath.  The  amount,  of  aniline,  determined  by  titration  with  a  sodium  nit'- 
rite  solution,  increased  with  a  rise  in  the  concentration  of  the  sulfuric  acid 
(99.1^  aniline  being  found  when  74.8^  sulfuric  acid  was  employed) j  any  further 
.rise  in  the  acid  concentration  caused  the  aniline  yield  to  drop  off,  however, 
which  may  be  due  to  the  destructive  (oxidative)  action  of  highly  concentrated 
sulfuric  acid  at  high  temperature  (Table  l) . 

Raising  the  temperature  has  about  the  same  effect  upon  the  aniline  yield. 
Carbanilide  is  hydrolyzed  extremely  slowly  at  100®  in  74.8^  sulfuric  acid,  the 
yield  being  only  13.78^^  whereas  the  aniline  yield  rises  to  99<>6')()  at  15O®.  Any 
higher  temperature,  however,  reduces  the  aniline  yield  again  (Table  2).  Hydrol¬ 
ysis  apparently  does  not  occur  below  100°,  as  we  were  unable  to  detect  any  ani¬ 
line  below  that  temperature. 

Prolonging  the  process  also  promotes  hydrolysis,  as  is  seen  in  Table  3* 

As  is  the  case  in  sulfuric  acid,  no  hydrolysis  occurs  when  carbanilide  is 
heated  in  (weak  or  strong)  hydrochloric  acid  to  100*.  Only  when  carbanilide  is 
heated  with  hydrochloric  acid  in  a  sealed  glass  tube  above  100*  does  hydrolysis 
take  place.  Here  too,  the  aniline  yield  is  increased  by  increasing  the  cohcen- 
tration  of  the  hydrochloric  acid  or  by  raising  the  reaction  temperature,  the  aniline 
yield 'tie ing  ^.95^  at  105*  and  at  I50!-. (Table  4).  Prolonging  the  process  promotes 

hydrolysis  only  up  to  a  certain  point,  as  was  the  case  with  sulfuric  acid. 

Exactly  as  in  acid  media,  carbanilide  is  hardly  hydrolyzed  at  all  when 
heated  up  to  100°  with  a  sodium  hydroxide  solution,  though  the  aniline  yield  is 
98.8^  when  it  is  heated  with  a  10^  sodium  hydroxide  solution  to  l50° .  '  When  the 
concentration  of  the  sodium  hydroxide  is  Increased,  say,  to  20^,  we  find  the 
aniline  yield  beginning  to  drop  again.  Hence,  even  though  increasing  the  al¬ 
kali  concentration  results  in  an  Increase  of  the  aniline  yield,  the  destructive 
effect  of  a  higher  reagent  concentration  is  manifested  sooner  in  this  case  than 
it  was  in  hydrolysis  in  an  acid  medium  (Table  5)* 

As  might  have  been  expected- from  the  previously  cited  data  in  the  litera¬ 
ture,  ammonia  proved  to  be  the  most  interesting  medium  for  hydrolysis.  The  car¬ 
banilide  was  hydrolyzed  with  an  aqueous  ammonia  solution  in  sealed  glass  tubes. 

'Heating  carbanilide  to  I50*  for  4  hours  with  a  4.5^  ammonia  solution  yielded  an 
almost  theoretical  yield  (99*25^)  of  aniline  (Table  6).  In ’contrast  to  all  the 
reagents  mentioned  previously,  hydrolysis  takes  place  in  ammonia  even  at  100°, 
though  the  aniline  yield  is  low  -  4.47^ 

It  may  be  said  that  carbanilide  is  hydrolyzed  fairly  readily,  despite  its 
poor  solubility,  especially  in  the  presence  of  ammonia.  A  typical  feature  is 
carbanilide ’ s  stability  in  acid  media  as  well  as  in  a  sodium  hydroxide  solution 
at  temperature  below  100*.  In  general,  alkaline  hydrolysis  is  easier  than  acid 
hydrolysis.  This  is  evident  from  the  fact  that  a  nearly  100^  hydrolysis  of  car¬ 
banilide  requires  the  use  of  very  strong  hydrochloric  acid,  with  a  concentration 
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of  ■wbereas  a  concentration  of  only  10^  is  required  to  attain  the  same  per¬ 

centage  hydrolysis  with  sodium  hydroxide.  Lastly,  when  ammonia  is  employed,  _its 
concentration  need  be  only  4.5^.  The  extraordinary  ease  of  hydrolysis  of  carban- 
ilide  in  ammonia  is  apparently  due  to  the  fact  that  the  ammonia  reacts  with  the 
carbanilide  directly,  "displacing"  aniline  and  forming  urea,  which  is  then  de¬ 
composed  by  water  into  ammonia  and  carbon  dioxide  [5]. 

EXPERIMENTAL 

1.  Hydrolysis  of  carbanilide  in  ^6.17^  sulfiaric  acid.  10  g  of  56.171^'  sul¬ 
fur  ic~acTdanTlT^0~g~T0~'005"'moTy~'ofcarbanilTde7~wIth"'a~m.p.  of  239* ^  were 
placed  in  a  round -bottomed  flask  fitted  with  a  stirrer,  a  reflux  condenser,  and 
a  thermometer.  The  mixture  was  "heated  to  150“  for  2  hours  25  minutes,  all  of 
the  carbanilide  dissolving,  after  which  it  was  poured  into  ice  water.  The  an¬ 
iline  was  determined  by  diazotlzation,  l8.2  ml  of  a  O.5N  solution  of  sodium  nit¬ 
rite  (K  =  1.601)  being  required.  The  percentage  of  aniline  was  91*2^. 

2.  Effect  of  the  concentration  of  sulfuric  acid  upon  the  aniline  yield  in 
the  hydrolysis  of  carbanilide  in  sulfuric  acid.  Carbanilide  and  10  g  of  sulfuric 
acid  of  different ' concentrations  were  placed  in  the  flask.  The  reaction  mass 
was  heated  to  I50*  for  1  hour  10  minutes,  the  subsequent  processing  being  the 
same  as  in  Experiment  1.  The  results  are  listed  in  Table  1. 


TABLE  1 


Test 

No. 

Carbanil¬ 
ide,  grams 

Sulfuric 
acid  con-  • 
central ion 

Aniline 

yield,^ 

1 

1.0532 

56.1^ 

84.3 

2 

1.0004 

64.9 

98.1 

3 

1.0538 

74.8 

99.1 

4 

1.0496 

85.0 

95.1 

TABLE  2 


Test 

No. 

Carbanil- * 
Ide ,  grams 

Reaction 
temp ,  ® 

Aniline 

yield, 

1 

1.0518 

100° 

13.78 

2 

1.0050 

125  ‘ 

85.90 

5 

1.0000 

150 

99.60 

4 

1,0020 

175 

98.38 

TABLE  3 


Test 

No. 

Carbanil¬ 
ide,  grams 

Length  of 
hydrolysis 
hours 

Aniline 

yield. 

1 

1.0498 

O'  5 

85.75 

2 

1.0538 

0.75 

92.40 

3 

1 . 0560 

1.0 

97.^1 

4 

1 . 0542 

1.25 

98.30 

5 

1.0530 

1.5 

99.12 

3.  Effect  of  temperature  upon  the 
aniline  yield  in  the  hydrolysis  of 
carbanilide  in  7^-8^  sulfuric  acid. 
The  process  lasted  1  hour,  10  g  of 
sulfuric  acid  being  employed,  The 
results  are  listed  in  Table  2. 

4.  Effect  of  the  duration  of  the 
process  upon  the  aniline  yield  in 
the  hydrolysis  of  carbanilide  with 
iO  g  of  74“ 8%  sulfuric  acid  at  I30* . 
This  test  was  carried  out  and  the 
aniline  was  determined  as  in  the 
preceding  experiment,  the  results  , 
being  listed  in  Table  3« 

3.  Hydrolysis  of  carbanilide  in 
3^^  hydrochloric  acid.  1  g  (0.0047 
mol)  of  carbanilide  and  20  g  of  36^ 
hydrochloric  acid  were  placed  in  a 
round-bottomed  flask,  and  the  mix¬ 
ture  was  heated  to  100®  for  2  hDurs.. 
In  titrating  the  whole  mass  after 
the  reaction  was  over,  0.2  ml  of 
O.5N  sodium  nitrite  was  consumed, 
so  that  practically  no  hydrolysis  ' 
took  place. 

6.  Hydrolysis  of  carbanilide  in 
20i)  hydrochloric  acid  at  123t  ^  g 

of  20^  hydrochloric  acid  and  1,0042 
g  of  carbanilide  were  placed  in  a 
glass  tube 5  the  tube  was  sealed  and 
the  contents  heated  to  125*  for  2 
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hours  50  minutes.  The  contents/ of  the  tube  were  analyzed  in  the  usual  manner, 
2.6  ml  of  O.5N  sodium  nitrate  being  consumed.  The  aniline  yield  was  15.76^  of 
the  theoretical.  .  ■ 

7.  Effect  of  temperature  and  length  of  the  process  upon  the  hydrolysis 
of  carbanilide  in  10  g  of  3^%  hydrochloric  acid  at  12^^  Kie  percentage  of 
aniline  was  determined  by  titration.  The  results  are  given  in  Table  4. 


\i 

TABLE  4 


Test 

No. 

Carbanilide 
in  grams 

Hydrolysis 
temp. , 

Length  of 
hydrolysis 
in  hours 

Aniline 
yield, 
in  % 

1 

0.5281 

105° 

0.5 

10.13 

2 

0.5256 

105 

1.0 

25.80 

3 

0.5358 

105 

2.0 

55.95 

4 

0.5000  ' 

105 

2.5 

68.50 

5 

0.5042  » 

125  > 

0.5 

35-.  10 

6 

0.5045 ‘ 

125 

1.0 

56.40 

7 

0.5267 

125 

2.0 

87.75 

8 

0.5049 

'I25 

2.5  ^ 

94.83 

9 

0.5250 

150 

1.5 

86.61 

10 

0.5021 

150 

1 

94.10 

11 

0.5150 

150 

2 

98,40  • 

12 

0.5000 

3^0 

^2.5 

97.35 

8.  Hydrolysis  of  carban^ 
llide“l[n  a  ^76^  solution  of  sod¬ 
ium  hydroxide  at  ICX)* .  1  g  of 

carbanilide  and  20  g  of  a  ‘5.6^ 
sodium  hydroxide  solution  were 
placed  in  a  round-bottomed  flask 
and  the  mixture  was  heated  to 
100°  for  5  hours.  When  the  re¬ 
action  was  over,  the  mixture 
was  poured  into  water,  acidu¬ 
lated  with  hydrochloric  acid, 
and  diazotized  to  determine  the 
percentage  of  aniline,  0.1  ml 
of  0.5N  sodium  nitrite  being 
consumed. 

3^  Hydrolysis  of  carbanilide 
in  a  19 « 3%  sodlm  hydroxide  solu¬ 
tion  at  100* .  1.06  g  of  c^ban- 

ilide  and  8.3  g  of*a  19.3%  sodiunj 


solution  were  placed  in  a  glass  tube,  the  tube  was  sealed,  and  the  contents  Tiere 
heated  to  100°  for  6  hours.  1.1  ml  of’ 0.1  N  sodium  nitrite  {K  =  I.015)  was  used. 
The  aniline  yield  was  1.15%. 


10.  Hydrolysis  of  carbanilide  in  a  10%  sodium  hydroxide  solution  at  I50? 
Except  for  the  reaction  temperature,  this  test  was  the  same  as  the  last  one. 

19.65  ml  of  0.1  N  sodium  nitrite  solution  was' used.  The  aniline  yield  was  99.1%. 


11.  Effect  of  temperature  and  concentration  of  the  sodium  hydroxide  sol¬ 
ution  upon  the  hydrolysis  of  carbanilide.  These  tests  were  made. in  sealed  ^lass 
tubes,  hydrolysis  lasting  4  hours.  The  results  are  listed  in  Table  5.  '  ' 


TABLE  5 


Test 

Carbanilide,  j 

-  Sodium  hydroxide 

Sodium  hydroxide 

Eeaction 

Aniline 

No. 

in  grams 

solution,  grams 

concentration,  % 

temp , , • 

yield, % 

1 

1.0508 

12 

10 

100° 

1,02 

2 

1.0420 

12 

10 

125 

89.8 

3 

1.0500 

12 

10 

150 

98.0 

4 

0.5154 

10 

5.6 

150 

95.6 

5 

0.5106 

10 

10 

150 

98.8 

6 

0.5246 

10 

20 

150 

97.2 

12.  Hydrolysis  of  carbanilide  in  a  4.5%  ammonia  solution.  I.05  g  ^ 
(0.005  mol)  of  carbanilide  and  12  g  of  a  4.5%  solution  of  ammonia  were  placed 
in  a  glass  tube,  the  tube  was  sealed,  and  the  contents  were  heated  to  150°.  for 
4  hours.  The  tube  contents  were  then  acidulated  and  diazotized  with  0,5N  sod¬ 
ium  nitrite  solution,  19. 65  ml  of  the  sodium  nitrite  solution  (K  =  l)'  being 
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required.  The  aniline  yield  was  99 »1^* 

13.  Effect  of  temperature  upon  the  aniline  yield  in  the  hydrolysis 
of  carhanilide  in  10  g  of  4.3^  ammonia  for  .4  hours.  The  results  of  these 
tests  are  given  in  Table  6. 


,  TABLE  6 


Test  1 
No.  1 

Carhanilide, * 
in  grams 

■Reaction 
temp.,  ° 

Aniline 
yield, ^ 

1 

1.0684 

,  100 

4.47 

2 

1.0402  ‘ 

125 

94.15 

3 

1.0510 

'  150 

99.25 

SUMMARY 

Carhanilide  is  hydrolyzed  in  acid  as  well  as  alkaline  media.  It  is 
stable  in  an  acid  medium  when  heated  to  100°,  and  is  hydrolyzed  to  a  negligible 
extent  at  this  temperature  in  an  alkaline  medium.  The  hydrolysis  of  carbanil- 
ide  is  especially  easy  in  ammonia  solutions. 
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THE  ACETYLATION  OP  AROMATIC  AMINES  WITH  ACETYL  CHLORIDE 
IN  THE  PRESENCE  OP  SODIUM  ACETATE 

B.  I.  Ardashev  and  E.  S.  Bych 


The  commonest  method  of  synthesizing  acetylated  aromatic  amines  is  heating 
the  amines  with  acetic  acid.  This  method  usually  requires  considerable  time, 
however,  and  does  not  always  give  satisfactory  yields  of  the  acetylated  products. 
Methods  have  now  been  developed  for  acetylating  aromatic  amines  with  derivatives 
of  acetic  acid;  acetylation  with  acetic  anhydride  [i]  merits  consideration;  .  the 
use  of  acetamide  for  this  .purpose  has  been  described  earlier  [2].  Gattermann 
and  Wleland's  textbook  [3]  cites  the  acetylation  of  aniline  with  acetyl  chlor¬ 
ide,  half  of  the  aniline  not  entering  into  the  reaction  but  forming  a  hydrochlor¬ 
ide. 

To  make  practical  use  of  this  method  we  used  the  sodium  acetate  commonly 
■employed  in  such  cases,  which  reacted  to  evolve  hydrochloric  acid,  so  that  prac¬ 
tically  all  of  the  amine  was  acetylated.  The  acetic  acid  and  sodium  chloride 
formed  during  the  reaction  dissolve  when  water  is  added,  the  acetyl  derivative 
being  thrown  down  as  a  precipitate,  so  that  it  may  be  recovered  readily.  We 
tested  this  reaction  with  12  different  amines,  using  one  mole  of  acetyl  chlor¬ 
ide  per  mole  of  the  monoamine  and  continuing  the  reaction  for  several  minutes 
without  the  application  of  heat-,  inasmuch  as  the  reaction  is  so  energetic  as 
to  evolve  sufficient  heat  by  itself.  It  may  be  hsed  conveniently  with  minute 
quantities  of  an  amine,  say,  for  identification  purposes.  The  yields  of  the 
acetyl  derivatives  of  the  amines  are  higher  than  with  other  acetylation  methods, 
approaching  the  theoretical  in  most  instances.  Inasmuch  as  the  acetylated  prod¬ 
ucts  are  fairly  pure  and  usually  do  not  require  further  refining,  this  method 
may  complete  successfully  with  other  preparative  methods  employed  in  their  syn¬ 
thesis.  , 

EXPERIMENTAL 

■By  way  of  example,  we  shall  describe  the  acetylation  of  aniline.  18.6  g 
of  aniline  was  thoroughly  stirred  with  8  g  of  freshly  calcined  sodium  acetate, 
and  17  g  of  acetyl  chloride  was  added  to  the  mixture  and  shaken  up  with  it. 

The  reaction- mixture  evolved  considerable  heat  and  solidified.  After  it  had 
cooled,  about  five  times  its  volume  of  water  was  added,  and  the  precipitate  was 
filtered  out,  washed  with  a  small  quantity  of  water,  and  desiccated.  This  yielded 
26  g  of  acetanilide  as  colorless  crystals  with  a  m.p.  of  ll4°,  or  96^  of  the  theor¬ 
etical  yield. 

The  results  of  our  acetylation  of  the  several  amines  used  are  listed  in  •  the 
table. 
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No. 

Amine 

1 

Amount 
of  amine 
used 

_ J 

Yield  of  acetyl 
derivative  ‘ 

Melting 

point 

Grams 

^  of  theor-^ 
etical 

1 

Aniline  ‘ 

18.6 

26 

96 

ll4° 

2 

Orthotoluidine  ^  ' 

22 

26.6 

87 

ilO 

3 

I^ratoluidine 

22 

29.6 

97- 

147 

k 

Metatoluidine 

22 

30 

98.5 

,  65 

5 

Metaxylidine '■ 

2^.2 

29.3 

90 

128 

6 

a-N^aphthylamlne 

15 

19.2 

99 

157 

7 

3 -N^phthlyamine 

15 

19.4 

99.7 

152 

8 

Orthoanisidine 

25 

31.8 

95 

86 

9 

Paraanisidine 

25 

33.5 

100 

127 

10 

Metaphenylenediamlne • 

22 

33 

84 

189 

li 

Paraphenylene diamine 

22 

35 

90 

301 

12 

Benzidine 

18.4 

26.5 

99 

317 

(caking) 


/  SUMMARY 

A  study  has  been  made  of  the  acetylation  of  primary  aromatic  amines  by  acetyl 
chloride  in  the  presence  of  sodium  acetate.  Twelve  amines  have  been  used  to  dem^ 
onstrate  that  the  yields  secured  with  this  method  are  superior  to  those  secured 
by  the  other  methods  known  and  that  it  may  be  recommended  for  the  preparation 
of  pure  acetyl  derivatives  without  further  crystallization. 

4 
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THE  REACTION  OP  SOME  ANILS  WITH  MALEIC  ANHYDRIDE 


B.  1.  Ardashev  and  Z.  0.  Markova 

i 


The  diene  syntheses  of  Diels  and  Adler,  effected  as  we  know  with  all  sorts 
of  unsaturated  compounds  and  of  extensive  practical  significance  [i]  ,  has  not 
been  applied  as  yet  "to  the  products  of  the  reaction  of  aromatic  amines  with  un- 
satiirated  aldehydes,  i.e. ,  to  diene  Schiff  bases. 

The  present  research  deals  with  the  reaction  of  maleic  anhydride  with  the 
following  Schiff  bases  that  possess  a  conjugated  double  bond:  the  anil  of  croton- 
aldehyde;  the  anil  of  cinnamaldehyde;  the  anils  of  cinnamic  aldehyde  and  ortho-, 
meta-,  and  paratoluldlnes,  metaxylidine,  and  paraanlsidlne.  We  expected  this 
reaction  to  result  in  the  formation  of  derivatives  of  hydrogenated  pyridine,  as 
follows: 

R 


Ar  N  =  CH  -  CH  =  CH  -  R  + 


Ar 

where  R  may  be  an  aliphatic  or  aromatic  radical. 

In  actuality,  the  resultant  anhydrides,  possessing  a  group* resembling  that 
of  phthallc  anhydride,  formed  Indicators  of  the  phenolphthalein  and  fluorescein 
type  when  condensed  with  the  phenols,  and  qulnophthalone  dyes  when  condensed  with 
quinaldine.  Moreover,  they  are  quantitatively  titrated  in  alcohol  solution  with 
potassium  hydroxide  and  phenolphthalein. 

On  the  other  hand,  ,  we  know  that  maleic  anhydride,  which  resembles  paraquinone 
structurally,  can  yield  molecule  addition  products  of  the  quinhydrone  type 
with  dimethylaniline,  for  example,  it  forms  a  colored  alloy,  the  anhydride  crys¬ 
tallizing  out.  when  the  solution  is  evaporated.  This  point  of  view  is  further 
confirmed  by  the  fact  that,  as  we  have  established,  ethylldene-p-toluidine  and 
benzalanillne  likewise  form  crystalline  products  with  maleic  anhydride.  • 

Inasmuch  as  all  of  these  products,  including  the  diene  anils,  are  decomposed 
when  heated  with  alkalies,  yielding  the  initial  amines,  it  must  be  supposed  that 
they  are  molecular  compounds.  They  may  be  employed  successfully  to  Identify  the 
anils,  f 

EXPERIMENTAL 


Maleic  anhydride  and  crotonylldeneanlline.  0.6  g  of  crotonylldeneaniline, 
prepared  by  a  method  described  by  one  of  the  present  authors  previously  [a]  , 

0.4  g  of  malelcanhydride,  and  40  ml  of  xylene  were  placed  in  a  flask  fitted  with 

i 
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a  reflux  condenser  and  heated  over  an  oil  bath  for  3  hours  to  the  temperature 
of  135-1^4-0“,  at  which  they  gently  boiled.  After  the  mixture  had  cooled^,  the 
xylene  was  driven  off  with  steam,  the  solid  product  remaining  in  the* distilling 
flask  being  filtered  out  of  the  water  and  purified  by  boiling  with  activated 
charcoal  and  alcohol  in  a  flask  fitted  with  a  reflux  condenser  set  over  a  water 
bath. 

After  the  alcoholic  solution  had  been  filtered  and  diluted  with  water,  the 
anhydride  was  precipitated  as  0.3^^  g  of  minute,  sand-colored  crystals  with  a 
m.p.  of '  122-124“ ,  representing  34.1^  of  the  theoretical  yield.  It  is  insoluble 
in  water  or  'ether,  freely  soluble  in  alcohol,  acetone,  benzene,  xylene  and  chlor¬ 
oform)  and  soluble  when  heated,  in  acetic  acid.  Its  molecular  weight  was  deter¬ 
mined  by  the  Hast  method,  with  approximate  accuracy,  since  the  substance  decom-  ‘ 
poses  partially  at  its  melting  point. 

0.2080  g  substance:  10.8  ml  N2(l7“^T59  nim)  0.01  g  substance:  O.I5O2  g  and 
0.1522  g  camphor;  At  11.9%  11.1°.  Found  ^  N  6.O6,  M  223.8,  236.7.  C14H13O3N. 
Computed  ^  N  5*75,  M  243- 

Maleic  anhydride  and  cinnamylideneanlline.  0.5  g  of  the  anil  of  crotonaldehyde, 
prepared  by  the  method  described  earlier  [4]  ,  was  heated  for  IO-I5  minutes  over 
a  water  bath  with  O.25  g  of  maleic  anhydride  in  20  ml  of  xylene,  after  which  the 
mixture  wap  set  aside  to  stand  until  the  following  day.  The  precipitate  was  fil¬ 
tered  out  and  washed  with  alcohol,  yielding  0.44  g  of  a  substance  consisting  of  . 
minute,  lustrous,  cream-colored  crystals,  the  yield  being  60.2^  of  the  theoret-  . 
ical.  Recrystalllzatlon  from  a  mixture  of  equal  volumes  of  alcohol  and  chloro¬ 
form  cut  the  yield  nearly  in  half.  Melting  point  204* .  The  substance  dissolves 
when  boiled  in  water,  its  reaction  with  Congo  red  being  acid.  It 'dissolves  when 
heated  in  methanol,  ethyl  alcohol,  ethyl  benzoate,  and  acetic  acid)  it  is  sol¬ 
uble  in  ether,  benzene,  xylene  or  chloroform. 

0.2276  g  substance:  9*6  mlN2  (15*^  755™i) ^  O.OO95  6  and  O.OO98  g  substance, 
0:1513  g  and  0.1518  g  camphor:  At8.15*,  8.95°.  Found  ^  N  4.93,  M  308.I,  288.5. 
C19H15O3N.  Computed  ^  N  4.59^  M  305* 

Condensation  with  quinaldlne.  0.4  g  of  the  anhydride  and  0.12  g  of  zinc 
chloride  were  heated  to  170°  over  an  oil  bath,  O.25  g  of  freshly  distilled  quin¬ 
aldlne  was  added,  and  the  mixture  was  heated  to  I8O-I9O*  for  6  hours/ in  a  flask 
with  a  reflux  condenser,  the  temperature  being  raised  to  220*  for  the  last  30 
minutes.  This  yielded  0,45  g  of  dye  in  the  shape  of  a  brown  powder  with  a-m.  p. 
of  170*.  After  the  dye  had  been  sulfonated  with  oleum,  it  was  a  dark-brown 
powder  that  was  soluble  in  water  and  dyed  silk  a  chocolate  color  in  an  acid (bath. 
It  did  not  fix  cotton. 

Maleic  anhydride  and  cinnamylldene-p-toluldine.  We  first  synthesized  the 
Schiff  base  of  paratoluldine  and  cinnamic  aldehyde,  which  is  not  described  in 
the  literature,  1  g  of  paratoluldine  and  1.24  g  of  freshly  distilled  cinnamic 
aldehyde  were  placed  in  a  porcelain  dish,  and  the  mixture  was  heated  for  15-20 
minutes  over  a  water  bath.  The  resultant  solid  product  was  washed  with  alcohol,- 
the  yield  being  I.36  g,  or  of  the  theoretical.  Recrystallization  from 

alcohol  cut  this  yield  almost  in  half.  Cinnamylidene-p-toluidine  consists  of 
shiny  light-yellow  lamallae  with  a  m.p.  of  79°-  It  is  soluble  in  methanol,  ethyl 
alcohol,  ether,  chloroform,  benzene,  xylene,  and  acetic  acid,  though  insoluble  in 
water.  It  dissolves  in  dilute  hydrochloric  acid,  being  precipitated  from  the 
solution  when  the  latter  is  alkalinized  with  sodium  hydroxide. 

0.2220  g  substance:  12.8  ml  N2  (23°,  76O  mm),  0.01  g  substance:  O.I5  g  cam¬ 
phor:  At  11.8.  Found  ^  N  6.58,  M.  225.9.  CieHisN.  Computed  ^  N  6.53,  M  221.0. 
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0.5  g  of  cinnamylidene-£-toluidine  and  0.22  g  of  maloic  anhydride  were  Heated 
in  20  ml  of  xylene  for  IO-I5  minutes  over  a  water  hath,  and  the  mixture  was  then 
allowed  to  stand  until  the  following  day,  when  the  precipitate  was  filtered  out 
and  washed  with  alcohol.  The  product  yield  was  0.42  g,  or  58*5^  of  fHe  theoret¬ 
ical.  The  yield  dropped  to  kOfjo  of  the  theoretical ‘after  recrystallization  from 
equal  volumes  of  alcohol  and  chloroform.  The ‘addition  product  consisted  of  light- 
yellow,  acicular  crystals  with  a  m.p.  of  185°.  It  is  soluble  when  heated  in  meth¬ 
anol,  ethyl  alcohol,  ethyl  benzoate,  and  acetic  acid  and  Insoluble  in  ether, 
chloroform,  benzene,  or  xylenei  it  dissolves  when.bdiled  in  water,  giving  an  acid 
reaction  with  Congo  red. 

0.2136  g  substance:  9«2  ml  Ng,(20®,  766  mm);  O.186O  g  substance:  7*2  ml  Ng 
(25°,  755  nim) ;  0.01  g  substance;  0.20  g  camphor:  A  t  6.4®.  Found  ^  N  5-01> 

'  M  312.5.  C20H17O3N.  Computed  ^  N  4.38,'  M  319. 

It  was  found  that  the  reaction  of  maleic  anhydride  with  a  Schiff  base  also 
occurs  at  room  temperature. 

Maleic  anhydride  and  clnnamylidene-o-toluidine.  1.0  g,of  cinnamylidene-o- 
toluldine  and  0.45^  g  of  maleic  anhydride  were  dissolved  in  I5  ml  of  benzene.  The 
solution  was  set  aside  to  stand  until  the  following  day,  when  the  precipitate  was 
filtered  out  and  desiccated.  The  yield  of  the  dry  product  was  0,66  g,  or  47*2^, 
dropping  to  0.20  g,  or  l4^  of  the  theoretical,  after  recrystallization  from  al¬ 
cohol.  The  addition  product  consisted  of  thin,  white,  fibrous  crystals  with  a 
m.p.  of  120®,  soluble  in  methanol  and  ethyl  alcohol,  acetone,  chloroform,  ethyl 
acetate,  and  acetic  acid,  and  very  sparingly  soluble  in  ether. 

In  a  similar  manner  we  secured  the  products  of  the  reaction  of  maleic  an¬ 
hydride  with  cinnamylldene-m-toluldine:  yellow  crystals  with  a- m.p.  of  175*5 
with  clnnamyll dene -m-xyll dene  -  yellow  crystals  with  a  m.p.  of  162* ;  and  with 
cinnamylidene-;g-ani§idine  -  yellow  crystals  with  a  m.p.  of  195“*  When  these 
anhydrides  were  fused  with  phenol,  they  formed  condensation  products  that  color 
an  alkali  red,  exactly  as  does  phenolphthaleln.  Fusing  them  with  resorcinol 
yields  dyes  that  turn  ammonia  red-brown  in  transmitted  light  and  green  in  reflec¬ 
ted  light,  exactly  as  does  fluorescein. 

We  subsequently  found  that  maleic  anhydride  likewise  forms  crystalline  prod¬ 
ucts  with  the  following  compounds  under  analogous  conditions:  lemon-yellow  crys¬ 
tals  with  a  m.p.  of  204°  when  reacted  with  ethylldene-p-toluidine.  and  minute 
cream-colored  crystals  with  a  m.p.  of  209"  when  reacted  with  benzalanlline. 

None  of  the  products  of  the  reaction  of  the  anils  with  maleic  anhydride 
synthesized  in  this  research  has  been  described  in  the  literature  previously, 

SUMMARY 

1.  It  has  been  found  that  anils  react  with  maleic  anhydride  to  form  crys¬ 
talline  products  that  are  molecular  compounds  of  the  quinhydrone  type. 

2.  The  reaction  of  the  anils  with  maleic  anhydride  may  be  recommended  as 
a  means  of  Identifying  the  anils, 
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RESEARCH  ON  THE  SULPONATION  REACTION 


XVII.  Hydrolysis  of  Sulfo  Acids  with  Hydrochloric,  Sulfuric,  and 

Phosphoric  Acids 


A.  A.  Spryskov  and  N.  A.  Ovsyankina 


We  know  that  the  hydrolysis  of  sulfo  acids  (desulfuration),  represented  by 
the  equation:  '  "  ' 

RSO3H  +  H2O  ->RH  +  H2SO4, 

is  accelerated  greatly  in  the  presence  of  a  mineral  acl4,  as  a  rule.  Only  a 
single  exception  has  been  noted  to  this  rulej  it  was  described  in  our  Report 
Xm  [1].  The  same  paper  contains  a  brief  survey. of  the  literature  on  the  hy¬ 
drolysis  of  sulfo  acids,  indicating  that  niimerous  research  workers  secured  highly 
contradictory  results  in  their  determinations  of  the  hydrolysis  temperature  of 
the  same  sulfo  acids.  These  discrepancies  occurred  because  the  determinations 
were  made  under  different  conditions.  The  hydrolysis  conditions,  which  include 
the  temperature,  the  sulfo  acid  concentration,  the  nature  and  concentration  of 
the  mineral  acid,  and  the  duration  of  the  reaction,  all  affect  the  result,  i.e., 
the  percentage  of  the  sulfo  acid  that  is  decomposed.  We  have  reported  previous¬ 
ly  on  the  variation  of  the  reaction  rate  with  the  composition  of  the  mixture 
(water,  sulfo  acid,  and  mineral  acid) 5  in  the  present  paper  we  have  endeavored 
to  compare  the  hydrolysis  reaction  rates  as  affected  by  the  nature  of  the  min¬ 
eral  acid  employed  (hydrochloric,  sulfuric,  or  phosphoric). 

The  tests  were  run  by  heating  a-naphthalene sulfonic  acid  and  s'ulfosalJrcySc 
acid  to  100*  for  25  hours  in  sealed  tubes  in  an  Eickmann  apparatus  with  various 
quantities  of  hydrochloric,  sulfuric,  or  phosphoric  acid,  always  with  4.5  mols 
of  water  present. 

The  results  of  our  tests,  with  a -naphthalene sulfonic  acid,  reproduced  in  Fig. 
1,  indicate  that  mineral  acids  accelerate  the  hydrolysis  reaction  in  highly  dif¬ 
ferent  degrees.  When  no  mineral  acid  is  present,  2^  of  the  sulfo  acid  is  hydrol¬ 
yzed  under  the  conditions  specified,''^  the  hydrolyzed  percentage  being  much  higher 
in  the  presence  of  a  mineral  ^cid.  Hydrochloric  acid  is  the  best  accelerator, 
sulfuric  acid  coming  next,  with  phosphoric  acid  the  least  active  of  the  three. 

The  concentrations  of  the  various  mineral  acids  at  which  hydrolysis  takes 
place  at  the  same  rate  are  listed  in  the  table.  These  figures  show  that  the 
concentration  of  the  sulfuric  acid  has  to  be  2  to  2.3  times  as  high  as  that  of 
the  hydrochloric  acid  for  hydrolysis  to  take  place  at  the  same  rate,  while  the 
phosphoric  acid  concentration  has  to  be  5-4  times  as  high  as  the  hydrochloric 
acid  concentration  for  the  same  hydrolysis  rate.  The  figures  given  in  the  table 
indicate  that  this  difference  (this  ratio)  gradually  diminishes  as  the  concentra¬ 
tion  of  the  mineral  acid  is  Increased. 

The  results  of  our  experiments  using  sulfo/sallcylic  acid,  given  in  Fig.  2, 
show  that  hydrolysis  is  greatly  accelerated  by  hydrochloric  and  sulfuric  acids 
here,  too,  while  phosphoric  acid  exerts  a  very  slight  accelerating  effect  upon 
the  reaction. 
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When  no  mineral  acid /is  used,  5*2^ 
of  the  sulfosalicylic  acid  is  hydrolyzed 
under  the  conditinns  specified  above,  the 
hydrolysis  of  the  sulfosalicylic  acid  to¬ 
taling  6-7^  when  8  to  60^  of  phosphoric 
acid  is  present;  only  at  a  phosphoric  acid 
concentration  of  87^  is  the  per  cent  hyd¬ 
rolysis  twice  as  high  as  it  is  in  water. 

As  was  the  case  with  a-naphthalene sulfonic 
acid,  hydrochloric  acid  accelerates  the 
rate  of  hydrolysis  more  than  does  sul- 
jfurlc  acid.  The  table  also  gives  the 
concentration  of  the  several  mineral  acids 
for  which  sulfosalicylic  acid  is  hydro¬ 
lyzed  at  the  same  .rate.  For  hydrolysis 
to  occur  at  the  same  rate,  the  concentra¬ 
tion  of  sulfuric  acid  must  be  3-^  times 
as  high  as  that: of  the  hydrochloric  acid 
at  low  concentrations,  and  about  twice 
as  high  at  higher  concentrations  of  these 
mineral  acids.  80^  phosphoric  acid  hy- 
drolizes  at  the  same  rate  as  6.5^  hydro¬ 
chloric  acid,  i.e.,  its  required  concen¬ 
tration  is  12  times  as  high. 

Hence,  the  experimental  data  cited 
by  various  authors  on  the  hydrolysis  tem¬ 
perature  for  sulfo  acids  are  incommensur¬ 
able  for  various  reasons,  especially  be¬ 
cause  the  determinations  were  made  with 
different  mineral  acids  in  many  cases. 
Veseli  and  Stoyanova  [2]  ran  their  tests 
to  determine  the  hydrolysis  temperature 
of  sulfo  acids  using  phosphoric  acid. 

That  is  probably  the  main  reason  why 
their  data  give  the  hydrolysis  tempera¬ 
ture  of  benzene sulfonic  acid  as  227“ , 
while  Ipatyev  and  Petrov  [3]  who  ran 
their  tests  with  sulfuric  acid,  give  it 
as  170® .  Similarly,  Veseli  and  Stoyanova 


give  the  hydrolysis  temperature  as  137*  for  metaxylol sulfonic  acid,  while  Ipatyev 
and  Petrov,  give  122°.  The. figure  given  by  Kizhner  for  orthoxylene sulfonic  acid 
[4]  ]ikewise  differs  from  thit  given  by  Veseli  and  Stoyanova. 


As  far  back  as  I9OI  Crafts  [5]  advanced  the  hypothesis  that  only  the  dis¬ 
sociated  molecule  of  the  sulfo  acid  underwent  hydrolysis  and  that  mineral  acids 
were  not  catalysts  in  the  ordinary  sense  of  the  term,  but  were  agents  that  sup¬ 
pressed  the  dissociation  of  the  sulfo  acid.  This  assertion  appears  to  be  quite 
probable  and  has,  therefore,  been  supported  by  many  researchers.  It  cannot,  how¬ 
ever,  explain  the  fact  that  the  hydrolysis  of  chlorobenzenesulfonic  acid  [1]  is 
not  accelerated  in  the  presence  of  mineral  acids.  Moreover,  it  seems  to  us  pre¬ 
mature  to  deny  a  purely  ca|;alytic  influence  of  the  mineral  acid  anion,  inasmuch  . 
as  Crafts  did  not  have* adequate  experimental  data  available  on  which  to  base  such 
an  assertion. 


British  chemists  have  recently  asserted  that  the  rate  of  desulfuration  does 


1650 


I 


not  depend  upon  the  concentration  of  the  sulfo  acid  or  the  nature  of  the 
inorganic  Anion.  This  conclusion  was  not  supported  hy  published  experimen¬ 
tal  data,  and  we  reject  it  as  contradicted  not  only  by  our  own  observations. 


Concentrations  of  Mineral  Acids  at  which  Hydrolysis  Occurs  at  the  Same  Rate 


Sulfo  Acid 

Sulfo  Acid 

Mineral 

Acid  Concentration 

1  Ratios  (concent,) 

Hydrolyzed 

Hydrochloric 

Sulfuric 

Phosphoric 

H2SO4 

H3PO4 

_ ^ _ 

acid 

acid 

acid 

HCl 

HCl 

‘ 

f 

k- 

6 

14 

25 

2.3 

4.2 

a-N.aphthalene  - 

7 

11 

24 

47 

2.2 

4.3 

sulfonic 

10  . 

14.5 

31 

61 

'2.1  < 

4.2' 

acid 

15 

19 

39 

70 

2.0 

3.7 

25 

24.5 

47 

76 

1.9 

3.1 

^  35 

27 

52 

80 

1.9 

3.0 

f  ' 

6.5 

26 

80. 

4.0 

12 

Sulfosallcylic 

acid 

15 

<  20 

1  25 

12 

17 

21 

.  36 

4l 

44 

3.0 

2.4 

2.1 

(  35 

27 

50 

1.0 

EXPERIMENTAL 

Pure  5-sulfosalicylic  acid  was  prepared  by  heating  80  g  of  salicylic  acid 
for  6  hours  with  200  g  of  95^  sulfuric  acid.  The  sulfo  mixture  was  poured  into 
1  liter  of  water,  and  the  excess  sulfuric  acid  was  neutralized  with  barium  car¬ 
bonate.  The  precipitated  barium  carbonate  was  squeezed  out,  and  the  filtrate 
was  evaporated  over  a  water  bath  until  its  volume  was  about  200  ml.  The  crys¬ 
tallizing  sulfo  acid  was  filtered  out  and  recrystallized  from  20^  hydrochloric 
acid.  This  yielded  70  g  of  a  product  that  contained  1  molecule  of  crystalliz¬ 
ation  water  after  having  been  dried  at  70“  and  had  a  molecular  weight  of  236.5- 
-237-1  according  to  titration  with  0.1  N  alkali  (236.2  is  called  for  theoret¬ 
ically)  .  Dehydrating  the  substance  by  heating  it  in  capillaries  to  120-130° 
yielded  a  product  with  a  m.p.  of  219-5  -  221°  .  •  The  preparation  of  the 
pure  a-naphthalene sulfonic  acid  has  been  described  earlier,. 

The  tests  of  the  hydrolysis  reaction,  were  run  as. follows:  A  sample  of 
the  sulfo  acid  weighingO.5  to  1  g  was  heated  in  a  sealed  tube  with  a  given 
quantity  of  water  and  the  mineral  acid  in  an  Eickmann  apparatus.  The  percen¬ 
tage  of  the  sulfo  acid  that  was  hydrolyzed  was  calculated  from  the  amount  of 
sulfiirlc  acid  formed,  as  determined  gravimetrically  in  the  form  of  barium  sul¬ 
fate.  In  some  tests,  run  with  sulfuric  acid,  the  degree  of  hydrolysis  was 
determined  by  the  increase  of  acidity  volumetrically,  i.e.,  by  titration  with 
a  0.1  N  solution  of  sodium  hydroxide. 

•  SUMMARY 

It  has  been  found  that  mineral  acids  accelerate  the  hydrolysis  of  a-naph¬ 
thalene  sulfonic  acid  and  of  5-sulfosalicylic  acid  in  varying  degree.  Hydro¬ 
chloric  acid''accelerates  hydrolysis  most,  sulfuric  acid  next,  and  phosphoric 
acid  least.  Phosphoric  acid  produces  hardly  any  acceleration  of  the  hydrolysis 
of  5-sulfosallcylic  acid  in  concentrations  up  to  60^. 

•  R.  Fischer  found  the  m.p.  of  anhydrous  sulfosallcylic  acid  to  be  about  224°  [®] . 
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SOME  DERIVATIVES  OP  2‘NAPHTHOL-4-SnLP6NIC  ACID 


II.:  Sulfonation  of  2-Naphthol-4-sulfonic  Acid 


S.  V.  Bogdanov  and  I.  B.  Migacheva 


In  2-naphthol  itself,  as  well  as  in  its  derivatives  that  can  be  sulfonated 
by  sulfite  in  the  presence  of  an  oxidizing  agent  (including  2-naphthol-4- sul¬ 
fonic  acid),  substitution  takes  place  only  at  the  1  position  in  this  process  [i]. 
Substitution  of  this  sort  is  observed,  more  or  less,  in  2-naphthol,  2-hydroxy-3- 
-naphthoic  acid,  2-naphthol-6- sulfonic-  acid,  and  2-naphthol-7-sulfonic  acid  and 
also  when  the  customary  sulfonating. agents,  such  as  sulfuric  acid,  fuming  sulfuric  ■ 
acid,  and  chlorosulfonic  acid,  are  employed  [2].  We  therefore  thought  it  advis-  \ 
able  to  ascertain  the  behavior  of  2-naphthol-4-sulfonic  acid  toward  the  oxidizing 
sulfite  as  well  as  to  other  sulfonating  agents,  the  chief  of  which  is  fuming  sul¬ 
furic  acid.  Experiments’  ”  have  shown  that  2-naphthol-l,4-di sulfonic  acid  is  not 
present  in  the  end  product  of  the  sulfonation  of  the  sodiiim  salt  of  2-naphthol- 
4-sulfonlc  acid  with  an  excess  of  20^  oleum.  Comparison  of  the  synthesized  di- 
sulfo  acid  with  other,  more  likelly  isomers:  2-naphthol-4,8-disulfonic  acid,  arid 
2-naphthol-4,6-disulfonic  acid  Indicated  that  2-naphthol-4,8-disulfonic  acid 
had  been  produced.  This  does  not  disprove,,  to  be  sure,  the  possibility  that 
2-naphthol-l,4-disulfonic  acid  is  formed  at  the  initial  instant  of  sulfonation, 
nor  that  some  Isomeric  naphtholdisulfonic  acids  are  present.  The  2-naphthol- 
4,8-disulfonic  acid  used  in  this  comparison  was  secured  by  decomposing  2-diazo- 
naphthalene-4,8-dlsulfonic  acid,  while  the  2-naphthol-4,6-dlsulfonic  acid  was 
prepared  by  reducing  l-dlazo-2-naphthol-4,6-disulfonic  acid  with  an  alkaline 
solution  of  stannous  oxide  by  the  procedure  described  previously  [3]. 

EXPERIMENTAL 

Sulfonation  of  2-naphthol-4- sulfonic  acid.  25  g  (about  0.1  mol)  of  the 
pure,  desiccated  sodium  salt  of  2-naphthol=>4-sulfonic  acid  was  added  to  75  8 
of  20^  oleum  at  4-12°  during  the  course  of  one  hour.  Owing  to  the  thickening 
of  the  mass,  57  g  of  30^  oleum  was  added  one  hour  after  the  mbnosulfo  acid  had 
been  added,  and  the  mixture  was  allowed  to  stand  for  I8  hours  at  12-l8°,  after 
which  it  was  poured  over  ice,  and  the  dlsulfo  acid  was  converted  into  its  sod¬ 
ium  salt  in  the  usual  manner.  Diluted  samples  of  a  solution  of  the  sodium  salt 
of  the  sulfo  acid  coupled  extremely  slowly  with  dlazo-£-toluene,  th-  and  p-nitro 
diazonium,  nor  did  boiling  the  samples  with  concentrated  sulfuric  acid  improve 
their  coupling  ability.  Whereas  the  coupling  products  of  2-naphthol-4- sulfonic 
acid  are  deeply  colored  and  slightly  soluble,  all  we  secured  in  this  case,  both 
before  and  after  acid  hydrolysis,  were  reddish-orange  solutions.  This  indicated 
the  complete  absence  of  the  initial  2-naphthol-4-sulfonlc  acid  and  of  2-naphthol- 
1,4-disulfonlc  acid  in  the  suTfonation  product.  When  the  snlution  of  the  sodium 
salt  of  the  sulfo  acid  was  evaporated,  a  precipitate  consisting  of  four-  and  six- 
sided  stubby  prisms  settled  out;  they  were  recrystallized  from  aqueous  alcohol 

1.1425  g  substance;  loss  in  weight  (100-120°)  0.1524  g.  0.2719  g  dry  substance: 
0.1095  g  Na2S04.  Found  HgO  11.59:  Na  15. 05.  CioH607S2Na2“2.5H20.  Computed 

H2O  11.45.  CioH607S2Na2.  Computed  ^  Na  13.22. 
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The  substance  is  readily  soluble  in  water.  The  solutions  are  colorless 
and  display  faint  blue  fluorescence,  which  grows  stronger  when  soda  is  added. 
The  s-Qlution  remained  colorless  when  reacted  with  nitrous  acid,  while  ferric 
chloride  colored  it  a  brilliant  blue.  Coupling  with  diazo-m-nitrobenzene 
yielded  a  reddish- orange  soluble  dye.,  though  quantitative  coupling  took  place 
only  in  a  fairly  concentrated  solution.  Titration  of  a  solution  of  O.4038  g 
of  the  anhydrous  substance  and  6  g  of  soda  in  50  ml  of  water  required  25. 0  ml 
of  0.05  N-diazo-m-nltrobenzene,  representing  99 *2^  of  the  disodium  salt  of  the 
naphtholsulfonic  acid.  The  solid  salt  was  added  during  titration  in  order  to 
precipitate  the  dye  (orange  needles). 

2-Naphthol-4,8-dlsulfonic  acid.  The  diazo  compound  secured  from  0.1  mol 
of  2-naphthylamine-i4-,8-disulfonlc  acid  was  gradually  added  to  300  ml  of  boil¬ 
ing  IQfjo  sulfuric  acid.  The  liquid  was  neutralized  with  chalk  and  soda,  and 
the  filtrate  left  after  the  precipitate  had  been  filtered  out  was  evaporated 
to  small  volume.  The  resultant  precipitate  was  recrystallized  from  water. 

2.2800  g  substance:  loss  of  weight  (120°)  O.2806  &  0.3139  g  dry  substance, 
0.1261.  g  Na2S04.  Found  ^  H2O  12.30,  Na  13.02.  CioH607S2Na2r 2.5  H2O.  Com¬ 
puted  ^  H2O  11.45.  CioH607S2Na2.  Computed  ’jo:  Na  13.22. 

Short  prisms,  readily  soluble  in  water-.  The  fluorescence  of  the  solutions 
and  their  behavior  with  nitrous  acid,  ferric  chloride,  and  diazo-m-nitrobenzene 
were  the  same  as  for  the  sulfonation  product  of  2-naphthol-4-sulfonic  acid. 

2-Naphthol-4,6xdisulfonic  acid.  The  initial  l-amino-2-naphthol-4,6-dlsul- 
fonic  acid  was  prepared  by  dissolving  l-nltroso-2-naphthol-6-sulfonic  acid  in 
an  excess  of  bisulfite  and  acidulating  the  solution  with  hydrochloric  acid,  as 
specified  by  M.  Bbniger  [4].  The  diazo  compound  secured  from  0.12  mol  of  the 
disodium  salt  of  l-amino-2-naphthol-4,6-disulfonic  acid  and  precipitated  by 
barium  chloride  from  a  solution  acidulated  with  hydrochloric  acid  was  added  to 
an  alkaline  solution  of  O.I8  mol  of  stannous  chloride.  When  the  reaction  was 
over  and  the  barium  and  tin  had  been  eliminated,  the  solution  was  evaporated. 
The  precipitated  substance  was  recrystallized  from  aqueous  alcohol. 

1,5470  g  substance:  loss  of  weight  (125")  0.2240  g.  O.35OO  g  dry  substance: 
0.1392  g  NaS04.  Found  <jo:  H2O  14.47,  Na  12.88.  CioH607S2Na2 “3H20.  Computed  jo 
H2O  13.44,  CioH607S2Na2.  Computed  Na  13.22. 

Elongated  thin  flat  prisms,  readily  soluble  in  water.  The  solutions  dis¬ 
play  a  faint  blue  fluorescence,  changing  to  violet-blue  when  soda  is  addedj  'the 
they  turn  dirty  blue  when  ferric  chloride  is  added.  They  react  with  diazo-m- 
-nitrobenzene  to  form  a  reddish-orange  soluble  dye:  coupling  is  extremely  slow 
in  dilute  solutions.  Nitrous  acid  colors  dilute  solutions  yellow.  The  nitroso 
compound,  prepared  in  the  usual  manner,  ^s  precipitated  by  potassium  chloride 
as  elongated  thin  needles. 


SUMMARY  ' 

Sulfonation  of  2-naphthol-4-sulfonic  acid  with  20^  oleum  at  3-18“  yields 
2-naphthol-4,8-disulfonic  acid. 

When  an  alkaline  solution  of  stannous  oxide  is  reacted  with  l-diazo-2-naph- 
thol-4,6-disulfonic  acid,  2-naphthol-4,6-disulfonic  acid  is  formed. 
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r,F;SEARCHES  ON  HYDROXY  PUCHSONE  ‘  DY ES 


XIV. :  The  structure  of  Bisulfite  Derivatives  of  Hydroxyfuchsone  Dyes 


I.  S.  joffe 


Not  enough  research  has  been  done  on  the  structure  of  the  blsulfate  deriv¬ 
atives  of  the  fuchsones  and  the  hydroxyfuchsone  dyes.  A.  Bayer  [i],  at  the  be¬ 
ginning  of  the  century,  put  forward  the  hypothesis  that  the  bisulfite  derivative 
of  aurin  (l)  is  formed  as  a  result  of  the  addition  of  bisulfite  at  the  conjugated 
system  of  the  dye's  methylenequinone  grouping  and  constitutes  a  sulfite  salt  ^of 
the  corresponding  carbinol  derivative  of  the  structure  (ll). 
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This  hypothesis  was  not  borne  out  experimentally;  it  was  based  solely  on 
the  fact  that  the  bisulfite  derivatives  of  the  hydroxyfuchsone  dyes  are  colorless 
and  are  readily  decomposed  by  mineral  acids  or  alkalies. 

Not  so  long  ago  [2],  on  the  basis  of  a  more  thorough-going  study  of  the 
properties  of  the  bisulfite  derivatives  of  hydroxyfuchsone  dyes,  we  expressed  our 
doubts  concerning  the  correctness  of  the  structure  suggested  for  these  substances 
by  Bayer;  we  believed  it  was  more  likely  that  the  bisulfite  derivatives  of  the 
hydroxyfuchsone  dyes  are  formed  as  the  result  of  the  Interaction  of  the  bisulfite 
with  the  dye's  carbonyl  group  and  that  they  are  a-hydroxysulfo  acids.  By  now  we 
have  secure'd  new  and,  we  believe,  convincing  proofs  of  ouf  supposition.  These 
proofs  stem  from  a  study  of  the  decomposition  of  the  bisulfite  derivatives  of 
hydroxyfuchsone dyes  by  alkaline  agents.  * 

The  bisulfite  derivative  of  3>5’-dimethoxybenzaurin  [3]  (lIl);iB  a  very  con¬ 
venient  research  bbject  in  this  connection.  According  to  Bayer's  notions,  this 
bisulfite  derivative  shoul'd  have  the  structure  (IV),  whereas  we  assumed  that  this 
substance  was  an  a-hydroxysulfonic  acid  with  the  structure  (V).  Our  supposition 
is  based  upon  the  following  observations:  when* any  alkaline  agent  is  added  to 
an  aqueous  solution  of  the  .bisulfite  derivative,  the  latter  is  decomposed  almost 
Instantaneously,  and  the  solution  is  colored  blue,  as  is  characteristic  of  the 
alkaline  salts  of  3^3’ -dimethoxybenzaurin  (Vl) .  But  when  a  stronger  alkali  is 
employed,  the  colored^  solution  begins  to  be  decolorized  even  while  standing,  .. 
owing  to  the  formation  of  a  salt  of  the  colorless  carbinol  derivative  (VIl). 
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It  seemed  to  us  that  the  formation  of  a  colored  solution  of  the  salt  of  the 
dye  when  the  bisulfite  derivative,  was  reacted  directly  with  an  alkali  refutes  iiie 
ester  structure  (IV),  since  saponification  of  such  an  ester  should  result  in 
the  immediate  formation  of  the  colorless  salt  of  the  carbinol  derivative  (VIl) . 

But,  as  has  been  said,  the  latter  is  formed  only  slowly,  as  the  result  of  a  sec¬ 
ondary  hydration  of  the  dye  salt  and  only  in  the  presence  of  a  stronger  alkali. 

This  is  due  to  the  fact  that,  as  our  researches  have  indicated  [4],  the  salts 
of  hydroxyfuchsone  dyes  and  of  colorless  carbinol  derivatives  are  in  equilib¬ 
rium,  the  latter  being  governed  by  the  structure  of  the  dye,  the  concentration 
of  the  alkali,  and  the  temperature.  Raising  the  temperature  shifts  the  equilibrium 
toward  the  dye  salt,  deepening. the  color;  increasing  the  alkali  strength  shifts  the 
equilibrium  in  the. opposite  direction  and  weakens  the  intensity  of  the  color,  the 
solution  being  wholly  decolorized  at  a  certain  critical  strength. 

There  was  one  questionable  link  in  our  chain  of  reasoning,  however.  It  was 

still  not  impossible  that  the  substance  of  the  hypothetical  structure  (IV)  de¬ 
composed  when  acted  upon  by  the  alkali,  giving  rise  to  the  dye  salt  (Vl)  direct¬ 
ly,  instead  of  the  salt  of  the  carbinol  derivative  (VIl) .  We  would  have  to  make 
a  study  of  the,  saponification  of  some  other  substances  that  were  undoubtedly 
esters  of  a  colorless  carbinol  derivative  of  a  dye  in  order  to  exclude  this 
possibility.  A  representative  of  such  substances  is  the  acetylation  product  of 
3,3' -dimethoxybenzaurin  (ill),  described  in  our  preceding  report  [5]  and  con¬ 
stituting  the  diacetyl  derivative  of  the  corresponding  carbinol  derivative  (VIIl). 
Experiments  indicated  that  the  saponification  of  this  ester  by  a  strong  alkali 
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actually  did  result  in  the  formation  of  a  colorless  solution  of  a  salt  of  the 
carbinol  derivative  .  (VIl) .  > 


(VIII)  ,  ^  (VII) 


Similar  results  were  secured  when  we  compared  the  alkali  saponification  of 
acetyl  and  bisulfite  derivatives  of  other  hydroxyfuchsone  dyes,  such  as  benzaurln, 
aurin,  and  rubrocol.  The  contrast  between  the  derivatives  of  3^3'-dlmethoxybfen- 
zaurln  described  above  is  most  striking,  however.  This  contrast  is  so  simple  to 
perform  and  so  significant  as  to  be  suitable  for  lecture  demonstration. 

For  this  purpose,  0.01 'g  of  the  bisulfite  derivative  of  -dlmethoxy- 
benzaurin  is  dissolved  in  1  ml  of  water,  while  0.01  g  of  the  acetyl  derivative 
of  the  dye  ifi  simultaneously  dissolved  in  1  ml  of  alcohol.  The  two  solutions 
are  then  chilled,  and  10  ml  of  a  5^  solution  of  sodium  hydroxide  is  added  to 
each  of  them.  The  solution  of  the  bisulfite  derivative  is  instantaneously  col¬ 
ored  a  deep  blue.  Only  after  standing  for  a  time  is  it  decolorized,  while  heat¬ 
ing  restores  a  faint  color  to  it.  The  solution  of  the  acetyl  derivative,  how-  ' 
ever,  first  turns  cloudy,  owing  to  the  precipitation  of  the  initial  substance, 
which  is  insoluble  in  water,  but  the  latter  dissolves  very  quickly,  the  solution 
remaining  colorless.  Only  after  long  standing  does  the  solution  become  a  pale 
sky-bluej  when  heated,  the  color  deepens,  owing  to  a  shift  in  th^ equilibrium, 
but  this  color  vanishes  as  the  solution  cools. 

These  experiments  indicate  that  the  alkaline  saponification  of  the  acetyl 
derivatives  of  hydroxyfuchsone  dyes,  which  are  acetates  of  the  corresponding 
carbinol  derivatives,  actually  results  in  the  direct  formation  of  colorless 
salts  of  the  latter.  When  the  bisulfite  derivatives  of  the  hydroxyfuchsone 
dyes  are  similarly  saponified,  however,  colored  salts  of  the  dyes  themselves 
are  formed  directly,  instead  of  colorless  saltjs  of  their  carbinol  derivatives. 

It  follows,  therefore,  that  the  bisulfite  derivatives  of  the  hydroxyfuchsone 
dyes  are  not  esters  of  their  carbinol  derivatives,  which  at  once  eliminated 
Bayer's  hypothesis  concerning  their  structure.  The  ready  formation  of  the  bi-  . 
sulfite  derivatives  of  hydroxyfuchsone  dyes,  their  rapid  decomposition  by  min¬ 
eral  acids’  and  alkalies,  and  the  tendency  of  the  bisulfite  derivatives  to  dis¬ 
sociate  when  heated  that  we  have  observed  [a],  all  support  the  single  conclusion 
that  these  substances  are  formed  as  the  result  of  the  reaction  of  bisulfite  with 
the  carbonyl  group  of  the  dye  and  have  the  ^structure  of  a-hydroxysulfonic  acids. 

I 

SUMMARY 

The  alkaline  saponification  of  the  acetyl  derivatives  of  hydroxyfuchsone 
dyes,  which  are  acetates  of  the  corresponding  carbinol  derivatives,  results  in 
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the  direct  formation  of  colorless  salts  of  the  latter.  The  similar  saponifi¬ 
cation  of  the  bisulfite  derivatives  of  the  hydroxyfuchsone  dyes  results  in  the 
direct  formation  of  colored  salts  of  the  dyes  themselves.  This  proves  that 
the  bisulfite  derivatives  of  hydroxyfuchsone  dyes  are  not  sulfites  of  the  hy¬ 
droxyfuchsone  dyes  as  Bayer  had  supposed,  but  are  formed  by  the  reaction  of 
bisulfite  with  the  carbonyl  group  of  the  dye  and  constitute  the  corresponding 
a-hydroxysulfonic  acids. 
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RESEARCHES  ON  THE  PHENANTHRENES 
I. :  Synthesis  of  Phenanthrene  Derivatives  with  Organolithium  Compounds 

\  ' 

B.  Mikhalkov  and  N.  6.  Chernova 


We  undertook  a  study  of  the  chemical  transformations  of  organolithium  com¬ 
pounds  of  phenanthrene  to  ascertain  the  feasibility  of  utilizing  this  class  of 
organometallic  compounds  in  synthesizing  the  simplest  derivatives  of  phenanthrene, 
many  of  which^  as  we  know,  are  biologically  active.  9-Ethylphenanthrene,  forex- 
ample,  manifests  the  properties  of  the  female  sex  hormone  [i],  while  phenanthrene- 
-9-carboxylic  acid,  9-3-hydroxyethylphenanthrene,  and  a  niimber  of  other  phenan¬ 
threne  derivatives  can  check  the  growth  of  malignant  tumors  [2]. 

The  usual  method  of  synthesizing  lithium  compounds,  involving  the  action cf 
lithium  with  halogen  derivatives  of  the  hydrocarbons,  proved  to  be  inapplicable. 
to  the  phetaanthrenes.  According  to  Mhller  and  Topel  [3],  the  reaction  of  9-t3romo- 
phenanthrene  with  lithium  is  extremely  slow,  while  the  9-phenanthrylllthium  formed 
in  the  reaction  is  decomposed  by  the  ether  employed  as  a  solvent.  Gilman  and  Cook 
I^Jsecured  lithium  compounds  of  phenanthrene  by  reacting  n-butylllthium  with  2-, 

3-,  and  9-i>romophenanthren4 .  They  synthesized  phenanthrene -9-carboxylic  acid,  with 
a  yield  of  ^1^0,  byboiling  an  ether  solution  of  the  reagents  for  4  hours  and  then 
carboxylating  the  reaction  products.  These  findings  give  us  an  idea  of  the  stab¬ 
ility  of  a  lithium  compound  of  phenanthrene  as  compared  to  9-anthryllithium  [5]. 

We  found,  however,  that  such  prolonged  heating  was  not  necessary  for  the 
synthesis  of  9-phenanthryllithium,  since  the  reaction  of  9-hromophenanthrene  with 
n-butyllithium  was  very  rapid.'  The  finely  crystalline  organolithium  compound cf 
phenanthrene  is  precipitated  as  soon  as  the  bromide  is  added  to  an  ether  solution 
of  n-butyllithium,  and  carboxylating  the  reaction  products  5  minutes  later  furn¬ 
ished  a  yield  of  phenanthrene -9-carboxyllc  acid  that  was  85^  of  the  theoretical. 
When  phenyllithium  is  used  Instead  of  n-butyllithium,  the  9-phenanthryllithlum  is 
not  precipitated  at  once,  but  after  some  time  has’  elapsed,  crystallizes  as  large 
colorless  prisms.  9-Phenanthrylllthium  (l)  is  extremely  reactive,  greatly  exceed¬ 
ing  that  of  the  organomagnesium  compound  of  lithium. 

We  investigated  the  action  of  various  reagents,  utilized  in  synthesizing 
phenanthrene  derivatives  from  9-phenanthrylmagneslum  bromide,  upon  9-phenanthryl- 
lithium,  to  secure  a  comparative  evaluation  of  organolithium  and  organomagnesium 
compounds  in  the  synthesis  of  phenanthrene  derivatives.  9-Phenanthrenelithium 
reacts  very  energetically  with  methyl  iodide,  the  reaction  being  complete  within 
a  few  minutes.  It  results  in  the  formation  of  9-niethylphenahthrene  (ll,  R  =  GH3) 
the  yield  being  82^  of  the  theoretical. 

The  organomagnesium  compound  of  phenanthrene,  prepared  by  heating  the  con¬ 
stituents  together  for  several  hours,  reacts  with  methyl  iodide  to  give  a  73^ 
yield  of  9-niethylphenanthrene  [®],  more  than  20  hours  of  heating  being  required 
to  complete  the  reaction.  We  secured  a  yield  of  52.5^  of  9-othylphenanthrene 
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(I)  (II)  R  =  CH3,  C2H5 


(II,  R  =  C2H5)  by  reacting  ethyl  iodide  with  9-phenanthryllithium.  This  hydro¬ 
carbon  has  been  synthesized  in  the  past  by  reducing  9-acetylphenanthrene  [7]  • 
(no  yield  being* specified)  and  in  four  stages  from  2-iodobiphenyl  [8].  9-Rhen- 
anthrene  reacts  Instantaneously  with  chloroformlc  ester,  yielding  the  ethyl 
ester  of  phenanthrene -9-carboxyiic  acid,  which  we.  identified  as  the  free  acid. 
We  likewise  investigated  the  behavior  of  9-phenanthryllithium  with  ethylene 
oxide  and  fluorenone.  The  reaction  with  ethylene  oxide  was  extremely  rapid, 
resulting  iii  the  formation  of  9-3-hydroxyethylphenanthrene  (ill),  the  yield 
being  59^  of  the  theoretical.  When  9-phenanthrylmagnesium  bromide  was  used, 
the  yields  of 'this  compound  fluctuated  from  37  to  50°  [®]* 


The  reaction  with  fluroenone  is  just  as  smooth,  resulting  in  biphenylene- 
9“phenanthrylcarbinol  (IV),  the  yield  being  64^  of  the  theoretical.  When  the 
•organomagnesium  compound  was  used,  the  yield  of  the  carbihol  (IV)  was  the 
same  [6],  but  prolonged  heating  was  required  to  complete  the  reaction. 

Another  compound  tested  was  9-niethylphenanthryl-lO-lithium.  The  initial 
substance  for  its  preparation  was  9-niethyl-lO-bromophenanthrene  (V),  which  we 
prepared  in  two  different  ways:  l)  by  Reacting  9-methylphenanthrene  with 
bromine  directly;  and  2)  by  reacting  the  hydrocarbon  with  phosphorus  penta- 
bromlde.  We  found  that  the  behavior  of  th^  latter  reagent  with  phenanthrene 
hydrocarbons  was  exactly  like  its  action  upon  anthracene  and  its  derivatives 
[10],  i.e.,  bromine  derivatives  were  formed.  The  action  of  phosphorus  penta- 
bromide  upon  phenanthrene  results  in  the  formation  of  9-bromophenanthrene, 
though  the  reaction  is  not  as  smooth  as  in  the  anthracene  series;  the  bromlna- 
tion  of  9-niethylphenanthrene  with  phosphorus  pentabromlde  is  quite  satisfactory, 
however,  (70^  yield)  and  this  method  of  securing  9-niethyl-lO-bromophenanthrene. 
superior  to  bromination  with  bromine.  When  n-butyllithium  is  reacted  with  9- 
-methyl-lO-bromophenanthrene  in  ether,  the  finely  crystalline  organolithlum 
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EXPERIMENTAL 


Action  of  phorphorus  pentabromide  upon  phenanthrene .  9-Lromophenanthrene. 

5  g  of  phenanthrene  was  dissolved  In  15  ml  oof  anhydrous  benzene  (containing  no 
thiophene),  and  l4.5  g  of  finely  pulverized  phorphorus  pentabromide  was  added 
to  the  solution.  The  reaction  flask  was  closed  with  a  calcium  chloride  tube 
and  set  aside  to  stand  at  room  temperature  for  JO  hours.  Then  the  products 
were  decomposed  with  water,  and  the  benzene  solution  was  washed  with  a  soda 
solution  and  with  water  and  evaporated.  The  residue  was  crystallized  from  al¬ 
cohol,  yielding  1.3  g  of  9-t>romophenanthrene  (l8^),  with  a  m.p.  of  61-63°. 

The  m.p.  of  9-t)romophenanthrene  is  given  as  63°  in  the  literature  [n]. 

I.  Conversions  of  9-Phenanthryllithium. 

Synthesis  of  9-phenanthryllithium  (l) .  a)  An  ether^  solution  of  phenyl - 
'lithium  ( 0.005  mol)  was  placed  in  a  Schlenk  tube,  and  1  g  of  9-bromophenan- 
threne  [n]  -(0.0039  mol)  was  added.  The  bromide  disappeared  at  once.  The 
reaction  tube  -was  sealed  and  placed  in  a  40-^5°  water  bath.  After  some  time 
had  elapsed,  the  large  prismatic  crystals  of  9-phenanthryllithium  began  to  form. 
The  organometallic  compound  was  not  Ignited  in  alr^  it  is  sparingly  soluble  ^n 
ether  and  benzene  (about  1  g  in  100  ml  of  solvent). 

b)  1'.08  g  of  n-butyl  chloride  (O.Ol  mol),  0.22  g  of  lithium  (0.03I  gram 
atom),  15  ml  of  absolute  ether,  and  glass  beads  were  placed  in  an  ampoule  filled 
with  nitrogen,  and  the  ampoule  was  sealed  and  agitated  for  2  hours.  Then  it  was 
opened,  and  2  g  of  9-Lromophenanthrene  (@.0078  mol)  was  quickly  added  to  the  re¬ 
sultant  solution.  A  rapid  reaction  was  observed,  accompanied  by  the  evolution  ' 
of  heat;  the  bromide  dissolved  at  once,  and  then  the  finely  crystalline  9-phen- 
anthryllithium  precipitated  out.  The  reaction  mass  was  agitated  gently  for  5 
minutes  while  a  gentle  current  of  nitrogen  was  passed  through  the  ampoule.  The 
organolithium  compound  of_ phenanthrene thus  secured  was  utilized  in  the  follow¬ 
ing  experiments. 

Phenanthrene-9-carboxylic  acid.  The  reaction  mass  secured  by  the  method 
outlined  was  poured  on  finely  crushed  dry  ice,  and  ether  and  water  were  added 
to  the  reaction  products.  The  ether  solution  was  separated,  the  solvent  was 
driven  off,  and  the  residue  (O.29  g)  was  analyzed  chromatographlcally  on  alumina 
(petroleum  ether  serving  as  the  solvent).  This  yielded  0.11  g  of  phenanthrene. 
Acidulating  the  filtered  aqueous  layer  with  dilute  hydrochloric  acid  yielded 
1,46  g  of  phenanthrene-9-carboxylic  acid,  m.p.  247-254®  (Qk.6'^  of  the  theoretical). 
After  recrystallization  from  acetic  acid,  colorless  needles  fusing  at  255-257° •  * 

Action  of  ethyl  chloroformate  upon  9-phenanthryllithlum.  A  solution  of 
0.5  g  of  chloroformlc  ester ,' chilled  to  -15*,  was  added  to  an  equally  chilled 
suspension  in  ether  of  9-phenanthryllium,  prepared  from  1  g  of  9-bromophenan- 
threne.  Water  was  added  to  the  reaction  mass  after  a  few  minutes  had  elapsed, 
the  ether  layer  was  separated,  and  the  solvent  was  driven  off.  The  oily  residue 
was  saponified  with  a  10^  alcoholic  solution  of  potassium  hydroxide.  Appropriate 
processing  of  the  saponification  products  yielded  0.48  g  (55.8^)  of  phenanthrene- 
-9-carboxylic  acid,  which  had  a  m.p.  of  255-257*  after  recrystallization  from 
acetic  acid. 

,  9-Methylphenanthrene  (ll,  R  =  CH3).  9-Phenanthrylllthium  was  prepared  from 

2  g  of  9-t>romophenanthrene,  and  a  solution  of  3*8  g  of  methyl  iodide  in  ether  was 
added  to  the  chilled  reaction  mixture.  An  energetic  reaction  took  place,  the  or¬ 
ganolithium  compound  disappearing  rapidly.  After  ten  minutes  of  standing  at  room 

*  Tte  m.p.-  given  in  the  literature  for  phenanthrene- 9- carboxylic  acid  is  251-2§2°. 
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temperatlire,  the  ether  solution  was  washed  with  water,  and  the  solvent  was  driven 
off.  Crystallization  of  the  residue  from  methanol  yielded  1,25  g  of  9-methyr- 
phenanthrene  with  a  m.p.  of  89-90° ^  or  81.7^  of  the  theoretical  yield,  Recrys- 
tallization  from  the  same  solvent  yielded  the  hydrocarbon  as  colorless,  shining 
platelets,  with  a  m.p,  of  90.5-91.5°*  The  literature  gives  the  m.p.  of  9-niethyl- 
phenanthrene  as  90-91.5°  [o]* 

9-Ethylphenanthrene  (ll,  R  =  CH3) .  A  solution  of  3.8  g  of  ethyl  iodide  in 
ether  was  added  to  an  organollthium  compound  of  phenanthrene  prepared  from  2  g 
of  9-bromophenanthrene .  The  deposit  of  9-phenanthryllithium  disappeared  after 
the  ampoule  was  sealed  and  heated  to  50*  for  1^2  hours  of  heating.  Heating  was 
continued  for  another  1^2  hours,  and  then  the  reaction  mixture  was  washed  with 
water,  and  the  solvent  was  driven  off.  The  oily  residue  was  recrystallized  from 
methanol,  yielding  O.81  g  of  9-othylphenanthrene  as  colorless  needles  with  a  m.p. 
of  6O-61.5®.  Another  0,03  g  of  the  hydrocarbon  (m,p.  60-6l,5*)  was  recovered 
from  the  mother  liquor  via  the  plcrate.  The  yield  totaled  52*5^*  The  melting 
points  given  in  the  literature  for  9-ethylphenanthrene  are  6l°  [7']  and  62-65°  [®]. 

9-P-Hydroxyethylphenanthrene  (III) .  A  current  of  ethylene  oxide  was  passed 
through  an  ether  suspension  of  9-pbenyllithiiim  for  I5  minutes,  resulting  in  the 
evolution  of  heat  and  throwing  down  an  abundant  precipitate  of  lithium  alcoholate. 
The  reaction  mixture  was  treated  with  water,  the  ether  layer  was  separated,  and 
the  solvent  was  driven  off.  The  residue  was  crystallized  from  petroleum  ether, 
yielding  O.5I  g  of  9-P-hydroxyethylphenanthrene  as  colorless  needles  with  a  m.p. 
of  87.5-89.5°*  The  yield  was  59*3^.  The  m.p.  of  the  substance  was  90-91°  after 
recrystallization.  The  literature  gives  the  m.p.  of  9-P-hydroxyethylphenanthrene 
as  92°  [9] . 

Biphenylene-9-phenanthrylcarbinol  (IV) .  A  solution  of  0.8  g  of  fluroenone 
in  ether  was  added  to  an  organollthium  compound  of  phenanthrene  prepared  from 
1  g  of  9-bromophenanthrene.  The  reaction  mass  was  allowed  to  stand  for  30  min¬ 
utes  at  room  temperature,  after  which  it  was  washed  with  water.  The  residue 
left  after  the  solvent  had  been  driven  off  was  crystallized  twice  from  benzene 
and  petroleum  ether,  yielding  0.86  g  of  biphenylene-9-phenanthrylcarbinol  as 
lustrous  prisms  with  a  m.p.  of  192.5-19^°.  Another  0.04  g  of  the  carbinol,  with 
a  m.p.  of  190-193° ^  recovered  from  the  mother  liquor.  The  yield  was  6h.2’ji>J 
The  substance  had  a  m.p.  of  193-194*  after  another  recrystallization  from  the 
same  solvent.  Bachmann  [e]  gives  a  m.p.  of  I89*  for  biphenylene-9-phenanthryl- 
carbinol 


II  Conversions  of  9-Methylphena.nthryl-lO-lithlum. 

9-Methyl-lO-bromophenanthrene  (V).  a)  Bromlnation  of  9-methylphenanthrene 
with  bromineT  i~g  of  9-niethylphenanthrene  and  4  ml  of  a  1.1  ether -chloroform 
mixture  were  placed  in  a  small  round-bottomed  flask  fitted  with  a  thermometer 
and  a  dropping  funnel,  and  a  solution  of  O.83  g  of  bromine  in  1  ml  of  chloro¬ 
form  was  added  to  the  suspension  of  the  hydrocarbon  at  a  temperature  that  ranged 
from  +8  to  -l4® .  When  the  reaction  was  over,  the  mixture  was  chilled  to  -5°^ 
and  the  yellow  precipitate  of  the  bromide  was  filtered  out  and  washed  with  cold 
ether.  This  yielded  0.4l  g  of  a  substance  with  a  m.'p.  of  117-120°.  The  mother 
liquor  was  evaporated,  and  the  residue  was  dissolved  in  benzene  and  freed  of  any 
traces  of  bromine  by  washing  it  with  an  aqueous  solution  of  soda.  The  solvent 
was  driven  off,  and  the  residue  was  crystallized  from  petroleum  ether,  yielding 
another  0.44  g.of  the  bromide,  with  a  m.p.  of  117-120.5°.  The  yield  totaled  60^. 
After  recrystallization  from  petroleum  ether,  the  9-Diethyl-lO-bromophenanthrene 
consisted  of  colorless  needles  with  a  m.p.  of  120,5-122,5°. 

4  2.527  g  substance:  6,120  ml  CO2I  I.OO8  ml  H2O.  Found  ^  C  66.09;  H  4.46, 

CisHiiBr.  Computed  ^  C  66.44;  H  4.09. 


b)  Brominatlon  of  9-methylphenanthrene  by  phosphorus  pentrabromide .  8.7  g 

of  finely  powdered  phosphorus  pentabromide  was  added  to  a  solution  of  3*5  ^ 

9- methylphenanthrene  in  35  ml  of  benzene,  placed  in  a  small  flask  fitted  with  a 
calcium  chloride  tube,  and  the  reaction  mixture  was  allowed  to  stand  at  room 
temperature  for  2k  hours'.  All  the  phosphorus  pentabromide  dissolved  during 
this  time.  The  benzene  solution  was  washed  with  water  and  with  a  10^  aqueous 
solution  of  soda,  and  the  solvent  was  driven  off.  Crystallization  of  the  res¬ 
idue  from  petroleum  ether  yielded  3-^6  g  of  9-methyl-lO-bromophenanthrene,  with 
a  m.p.  of  117-120.5°  (70-5^  yield)4i  The  bromide  had  a  m.p.  of  120.5-122.5° 
after  recrystallization.  A  sample  of  the  substance  exhibited  no  depression  of 
the  melting  point  when  mixed  with  9-methyl-lO-bromophenanthrene. 

Synthesis  of  9-methylphenanthryl-lO-lithium.  1  g  of  9-methyl-lO-bromophen- 
anthrene  was  added  to  an  ether  solution  of  n-butyllithium,  prepared  from  0.5^  g 
of  n-butyl  chloride,  0.1  g  of  lithium,  and. 10  ml  of  ether.  The  solution  turned 
yellow,  and  the  colorless  organolithium  compound  was  precipitated.  The  mass  was 
agigated  gently  for  5  minutes,  and  then  the  organolithium  compound  of  9-methyl¬ 
phenanthrene  was  utilized  in  the  experiments  described  below. 

9-Methylphenanthrene-lO-carboxylic  acid  (VIl) .  A  suspension  of  the  organ¬ 
olithium  compound  was  poured  over  finely  crushed  dry  ice,  and  then  water  and 
ether  were  added.  Acidulation  of  the  aqueous  solution  yielded  0.6  g  of  an  acid 
with  a  m.p.  of  196-206°  (69-7^  oT  the  theoretical).  9-Methylphenanthryl-lO- 
carboxylic  acid  consisted  of  colorless  needles,  with  a  m.p.  of  207*5-208.5° ^ 
after  crystallization  from  glacial  acetic  acid. 

2.559  g  substance:  7-625  ml  CO2;  1-199  ml  H2O.  Found  C  81.51,  H  5-24. 
C16H12O2.  Computed  %  C  81.33,  H.  5-11- 

9,10-Dimethylphenanthrene  (VIIl) .  1*52  g  of  methyl  iodide  dissolved  in 

ether  was  added  to  a  chilled  suspension  of  the  organolithium  compound.  The 
mixture  heated  up,  the  organometallic  compound  disappeared,  and  a  colorless 
cystalllne  precipitate  was  thrown  down.  The  mixture  was  washed  with  water, 
the  ether  was  driven  off,  and  the  crystalline  residue  was  washed  with  methanol, 
yielding  0.7^  g  of  the  hydrocarbon  as  colorless  needles  with  a  m.p.  of  l40-l42° . 
The  yield  was  97^  of  the  theoretical.  The  m.p.  of  the  hydrocarbon  was  l42- 
i42.6°  after  crystallization  from  a  benzene-alcohol  mixture.  Zinke  [12]  gives 
a  m.p.  of  139°  for  9,10-dimethylphananthrene. 

9-Methyl-10-&-hydroxyethylphenanthrene  (IX) .  A  current  of  ethylene  oxide 
was  passed  through  a  suspension  of  the  organolithium  compound,  and  the  result¬ 
ing  alcoholate  was  decomposed  with  water,  the  ether  layer  being  separated,  and 
the  solvent  driven  off.  •  Crystallization  of  the  residue  from  petroleum  ether 
yielded  O.57  g  of  a  substance  with  a  m.p.  of  117-120*  (63.6^).  The  9-methyl- 

10- P-hydrbxyethylphenanthrene  consisted  of  colorless  crystals  with  a  m.p.  of 
120-122°  after  recrystallization  from  the  same  solvent. 

2.670  mg  substance:  8.455  mg  C02j  I.66O  mg  H2O.  Found  ^  C  80.42,  H  6.96. 

CivHieO.  Computed  ^  C  8O.5O,  H.  6.81. 

Biphenylene-9-methylphenanthryl-lO-carbinol  (X) .  A  solution  of  0-75  g  of 
fluorenone  in  ether  was  added  to  the  organolithium  compound.  30  minutes  later 
the  reaction  mass  was  treated  with  water,  and  the  residue  left  after  the  ether 
had  been  driven  off  was  crystallized  from  a  benzene -petroleum  ether  mixture. 

This  yielded  0.95  g  of  a  substance  in  the  form  of  colorless  prisms  with  a  m.p. 
of  204-208* .  The  yield  was  62^  of  the  theoretical.  The  m.p.  of  the  carbinol 
was  209.5-210.5°  after  recrystallization. 

2.590  mg  substance,  8.56O  mg  CO2;  1-307  mg  H2O.  Found  ^  C  90.19,  H  5*64. 

C28H20O.  Computed  ^  C  90.27,  H  5*42. 
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SUMMARY 


1.  The  organolithium  compounds  of  phenanthrene  may  be  utilized  in  the 
synthesis  of  the  latter’s  derivatives.  This  method  of  synthesis  of  phenan¬ 
threne  derivatives  is  superior  to  the  method  of  synthesis  involving  organo- 
magnesium  compounds  in  points  of  the  speed  of  the  operations  involved  and  in 
its  yields. 

2.  Several  new  derivatives  of  phenanthrene  have  been  synthesized,  using 
organolithium  compounds. 

3.  The  reaction  of  phosphorus  pentabromide  with  phenanthrene  and  9-niethyl- 
phenanthrene  results  in  bromination,  yielding  9-bromophenanthrene  and  9-niethyl^ 
10-br omophenanthr ene ,  respectively. 
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SULPONATION  AND  SULPO  ACIDS  OP  ACIDOPHOBIC  COMPOUNDS 


XVII.  .The  Sulfonation  of  2-ChlorO",  •  2-Bromo-,  and  2-‘lodo thiophenes 


A.  P.  Terentyev  and  6.  M.  Kadetsky 


As  has  been  reported  previously,  furan  and  pyrrole  compounds  have  been 
successfully  sulfonated  by  the  use  of  pyridine  sulfotrioxide  [i],  an  impos¬ 
sibility  before  the  utilization  of  this  method.  Thiophene  is  also  distinguish¬ 
ed  by  its  marked  acidophilic'  properties  [2], though  its  sulfo  acid  was  pre¬ 
pared  by  reacting  it  with  sulfuric  acid,  though  the  dilution  used  was  very 
high  [3].  Its  reaction  with  pyridine  sulfotrioxide  involves  no  tarring  at 
all.[i].  It  has  been  found  that  this  method  is  fully  applicable  to  the  halo¬ 
gen  derivatives  of  thiophene,  which  are  much  more  sensitive  than  the  parent 
compound,  giving  high  yields  of  the  sulfo  derivatives.  The  methods  employed 
earlier  yielded  results  that  were  far  from  satisfactory,  owing  to  the  pro¬ 
nounced  tarring  and  the  appreciable  side  reactions.  In  sulfonatlng  lodo- 
thiophene,  for  example,  V.  Meyer  recommends  that  batches  of  a  few  drops  of 
the  substance  be  used  [4].  Investigations  of  the  action  of  various  concen¬ 
trations  of  sulfuric  acid  upon  2-chlorothiophene  [5],  2 -bromo thiophene  [s], 
and  2-io4othiophene  [4]  showed  that  the  last  one,  in  contrast  to  the  other 
two,  does', not  yield  a  pure  disulfo  acid  and  is  the  least  stable  of  the  three. 

W.  Steinkc)pf  and  his  associates  employed  the  brief  action  of  chlorosulfonic 
acid,  with  deep  chilling,  to  secure  sulfochlorides  [7,8] j  this  increased  the 
yield  of  ti^  sulfo  derivatives,  but  the  yield  of  pure  iodothlophene  sulfo- 
chloride  dii^  not  exceed  5^*  This  method  is  unsuitable  for  preparing  pure 
salts  of  thq  sulfo  acids,  though  when  pyridine  sulfotrioxide  is  employed, 
they  are  reajdily  isolated  in  the  pure  state.  This  is  done  by  heating  the 
halogen  thiophene  with  3  mols  of  the  reagent  to  100-120*  in  a  sealed  ampoule 
until  the  pyridine  sulfotrioxide  fuses: 

X  JJ+CsHsN'SOs  - X  - 

The  solution  of  the  resulting  sulfo  mass  is  treated  with  an  excess  of 
barium  carbonate  and  then-  evaporated  with  water  until  all  the  pyridine  has 
been  eliminated.  Filtration  yields  a  solution  of  the  barium  salt  of  the  mono- 
sulfo  acid.  Working  with  barium  salts  is  very  convenient,  since  they  can  be 
readily  converted  into  salts  of  another  metal  by  using  a  solution  of  the  car¬ 
bonate  or  the  sulfate.  We  seciired  the  barium  salts  of  2-chlorothlophenesulfonic 
-5  acid  (9^.8^  yield),  2-bromothiophenesulfonic-5  acid  (90^  yield),  and  2-iodo- 
thiophene sulfonic -5  acid  yield).  They  were  beautiful,  lustrous,  cubic 

crystals,  that,  were  soluble  in  water.  Reacting  their  solutions  with  bromine 
water  yielded  a  precipitate  of  barium  sulfate  —  this  Indicates  that  the  sulfo 
group  is  at  the  a  position.  When  saturated  cold  solutions  of  the  salts  were 


)  -SOaH'NCsHs,  where  X  =  Cl,  Br,  I. 
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added  to  a-naphthylmethylthiurone  chloride,  we  secured  the  low-melting  crystal¬ 
line  precipitates  of  the  naphthylmethylthiurone  salts  of  the  sulfo  acids.  These 
salts  were  used  to  prepare  the  acid  chlorides,  amides  and  anilides.  The  melting 
points  of  the  derivatives  synthesized  are  like  those  previously  cited  by  W.  F 
Steinkopf . 


•i 


The  reaction  of  halogen  thiophenes  with  pyridine  sulfotrioxide  is  a  smooth 
one.  Only  in  the  case  of  iodothiophene  is  it  complicated  by  the  formation  of  a 
slight  quantity  of  2, 5 -di iodothiophene.  The  use  of  pyridine  sulfotrioxide  con¬ 
taining  0.5-0.7^  of  free  sulfuric  anhydride  -  "acid"  pyridine  sulfotrioxide  - 
promotes  rearrangement  and  results  in  the f formation  of  a  mixture  bf  the  disulfo 
acids  of  iodothiophene  and  thiophene:  , 


-I+-2C5H5N:  SO3 


■I  +  CsHsN'HOaS-VgJJ 


-SOsH'CsHsN 


} 


A  similar  migration  of  the  halogen  atom  is  observed  when  bromothiophenes 
[e]  and  several  halogen  derivatives  of  the  benzene  group  are  sulfonated  with 
sulfuric  acid.  With  sulfuric  acid  the  instances  of  migration  of  the  halogen, 
as  well  as  of  the  alkyl  groups,  are  so  common  that  they  are  separated  by  the  ‘ 
so-called  Jacobsen  reaction  [9].  There  is  no  doubt  that  the  influence  of  chlor- 
osulfonic  acid  at  -15°  likewise  causes  the  rearrangement  of  the  iodine  in  the 
iodothiophene,  since  a  large  amount  of  the  unsubstituted  thiophene  sulfochlor- 
ide  is  formed  in  addition  to  the  iodothiophene  sulfochloride.  But  this  sudden 
tarring  hampers  its  immediate  detection.  The  utilization  of  a  mild,  wholly 
non-tarring  reagent  -  "acid"  pyridine  sulfotrioxide  —  enabled  us  to  discover 
it.  This  example  demonstrates  that  the  use  of  pyridine  sulfotrioxide  may  play 
an  important  part  in  the  study  of  dismutations  of  this  type  in  acidophoblc  com¬ 
pounds  . 

EXPERIMENTAL 

2-Chlorothiophene sulfonic -5  acid. 


Cl-  ll^JJ  -SO3H 

The  2-chlorothiophene  was  prepared  by  chlorinating . thiophene  with  sulfuryl 
^  chloride  [10].  B.p.  127-129°  at  753  nim,  np-°  1.5^76.  The  literature  gives;  b.p. 

•j  I27-I29*,  n§°  1.5450  [10]  •  1.9  g  of  the  chlorothiophene  was  sealed  in  an  ampoule 

with  8  g  of  pyridine  sulfotrioxide.  After  8  hours  of  heating  to  120-125°,  the 
contents  of  the  ampoule  were  a  thick  liquid  of  a  nearly  uniform  dark-yellow  col¬ 
or,  which  turned  into  alight  homogeneous  crystalline  mass  when  it  cooled.  It  was 
dissolved  in  water  and  treated  with  8  g  of  barium  carbonatfe.  The  mixture  was 
heated  over  a  water  bath  until  all  the  pyridine  had  been  driven  off.  The  fil¬ 
tered  transparent  solution  was  evaporated  until  crystallization  set  in,  and  the 
salt  was  precipitated  with  an  excess  of  alcohol;  The  yield  wafe  4.05  g  (9^*8^. 
of  the  theoretical).  Barium  2-chlorothiophenesulfonate-5  consists  of  beautiful 
'  silver  leaflets,  soluble  in  water,  more  readily  so  in  hot  water,  and  insoluble  in 
alcohol. 

15.070  mg  substance:  5*310  mg  BaS04.  6.69O  mg  substance:  2.690  mg  BaS04.  Found 
^  Ba  25.91^  25.66.  (C4H203S2Cl)2Ba.  Computed  ^  Ba  25.99* 
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It  throws  down  a  precipitate  of  barium  sulfate  when  reacted  with  bromine 
water,  and  a  crystalline  precipitate  of  the  naphthylmethylthiurone  salt  when 
reacted  with  a  saturated  solution  of  naphthylmethylthiurone  chloride. 

S-g-naphthylmethyl) -thiuronic  salt ,  A  solution  of  O.25  g  of  naphthyl-* 
methylthiurone  chloride  in  5  ml  of  methanol  was  added  to  0.27  g  of  the  barium 
'  salt  dissolved  in  5  ml  of  water,  and  part  of  the  solvent  was  evaporated  at 

reduced  pressure,  throwing  down  the  salt  almost  quantitatively  as  silky  needles 
collected  into  sheaves.  The  m.p.  was  138-139“  after  thorough  dessication. 

6.020  mg  substance;  3*063  ml  N2  (27“^  7^9  mm).  Found  ^  N  6.76  . 

C16H15O3CIN2S3.  Computed  ^  N  6.75*  ^ 

2-Bromothiophenesulfonic-3  acid 

Br-  o  -S03H. 

S 

The  2-bromothiophene  was  prepared  by  bromlnating  thiophene  with  bromine  in 
carbon  tetrachloride  [11].  B.p.  152-15^*  at  7^7  mm.  The  literature  gives  the 
b.p.  as  153-15^“  [11].  2.9  g  of  the  bromothiophene,  I5  g  of  pyridine  sulfotrl- 

oxide,  and  I5  ml  of'  dichloroethane  werre  heated  together  to  IOO-IO5®  for  10  hours 
in  a  sealed  ampoule.  0,3  g  of  bromothiophene  was  recovered  from  the  dichloro¬ 
ethane  layer.  The  crystallized  layer  was  dissolved  in  water  and  treated  as 
specified  above  for  chlorothiophene.  This  yielded  7*9  g  of  glossy  lamellar 
crystals  of  the  barium  salt.  The  yield  was  about  of  the  bromothiophene 
placed  in  the  reaction. 

6.770  mg  substance:  2.475  mg  BaS04.  6,250  mg  substance;  2,290  mg  BaS04. 

Found  ^  Ba  21.60^  21. 56,  CgH607Br2S4Ba. 

S- (g-naphthylmethyl) -thiuronic  salt ;  Colorless,  silky  needles,  m.p.  l42- 
14-3“,  readily  soluble  in  alcohol  and  acetone. 

The  sulfamide  was  prepared  from  the  unrefined  cr.ystalline  sulfochloride. 

It  consisted  of  colorless  crystals  with  a  m.p.  of  l4l-J.42°  after  recrystalllz- 
ation  from  aqueous  alcohol.  The  literature  gives  the  m.p.  as  l44*  l48. 

4.195  mg  substance;  O.2156  ml  N2  (28°,  747  mm).  Found  ^  N  5*72. 

C4H402BrNS2.  Computed  ^  N  5*79* 

The  sulfanilide  was  prepared  by  heating  the  unrefined  sulfochloride  with 
an  excess  of  aniline.  M.p.  94-95“  after  recrystallization  from  aqueous  alcohol. 

5.700  mg  substance:  O.I568  ml  N2  (28°;  7^9  mm).  5"991  mg  substance:  O.1617 

ml  N2  (22°,  752  mm).  Found  ^  N  4-73^  ^*7^.  CioH802BrNS2.  Computed  ^  N  4.40. 

/ 

2-Iodothiophenesulfonic-5  acid 

I-  -S03H 

The  2-iodothiOphene  had  a  b.p.  of  79-80°  at  20  mm  (triple-distilled),  which 
is  in  conformity  with  the  figure  given  in  the  literature  [12].  7*6  g  of  the  iodo- 
thiophene  was  heated  to  100-110°  for  8  hours  in  a  sealed  ampoule  with  I7.6  g  of 
pyridine  sulfotrioxide.  As  the  thick  brown  liquid  cooled  it  solidified  into  a 
dark-yellow  mass.  \The  aqueous  solution,  containing  drops  of  oil,  was  extracted 
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with  ether,  the  iodine  being  eliminated  from  the  ether  extract  hy  a  solution  of 
sodium  sulfite.  EvaporatljOn  of  the  ether  yielded  0.9  g  of  the  unreacted  iodo- 
thiophene  and  O.I5  g  of  2,5-diiodothiophene  (m.p.  of  the  crude  product  35“39°). 
The  aqueous  solution  was  boiled  with  I8  g  of  barium  carbonate,  and  then  with 
5  g  of  barium  hydroxide  to  eliminate  all  the  pyridine. 

The  evaporated  filtrate  yielded  minute  colorless  lamellae  of  the  barium 
salt,  weighing  8.8  g,  or  approximately  11’^,  based  on  the  iodothiophene  used 
for  the  reaction. 

3 *410  mg  substance:  1.135  “iS  BaS04.  9 •035  nig  substance:  3 *060  mg  BaS04. 

Found  ^  Ba  19.5O,  19*82.  C8H406l2S4Ba.  Computed  ^  Ba 

The  potassium  salt  was  prepared  by  reacting  the  barium  salt  with  the  cal¬ 
culated  quantity  of  potassiui^  carbonate.  Colorless,  lustrous  leaflets,  read¬ 
ily  soluble  in  water. 

5 . 275 mg  substance ;  1.210  mg  K2SO4.  4.320  mg  substance:  0.990  mg  K2S04. 

Found  ^  K  10.27,  10.30.  C4H8O6IS2K.  Computed  ^  K  10. 23. 

The  S- (g-naphthylmethyl) -thiuronic  salt  consisted  of  lustrous  acicular 
crystals.  Readily  soluble  in  alcohol  and  acetone,  sparingly  in  water.  M.p. 

151-152“ . 

4.602  mg  substance:  0.2401  ml  N2-  (30",  75^  mm) .. Found  ^  N  5*83» 
Ci6Hi603TR2S2«  Computed  ^  N  5.52.  ^ 

The  sulfochloride  was  a  light-yellow  acicular  mass.  M.p,  50-51“ •  The 
literature  gives  the  m.p.  as  51-52*  [v]. 

The  sulf amide  consisted  of  elongated,  acicular  white  crystals  (from  aqueous 
alcohol).  M.p.  1^3-164°  The  literature  gives  the  m.p.  was  165°,  [v]. 

Found  ^  N  5.18.  C4H4O2INS2.  Computed  ^  N  5.II. 

The  sulf anilide  consisted  of  silky  acicular  crystals,  with  a  m.p,  of 
124-125“  (from  aqueous  alcohol) . 

4.490  mg  substance:  O.I568  ml  N2  (28°,  75^  mm).  5*8l3  mg  substance: 

0.2058  ml  N2  (29*,  752  mm).  Found  ^  N  3-94,  3-98,  C10H8O2INS2,  Com¬ 
puted  ^  N  3. 83'. 

Reaction  of  iodothiophene  with  'b,cid*'  pyridine  sulfotrioxide.  4.5  g  of 
2- iodothiophene  was  heated  in  a  sealed  ampoule  with  11  g  of  **  acid"  pyridine 
sulfotrioxide  to  100*  for  12  hours  and  to  I30*  for  2  hours  until  a  homogeneous 
mass  had  been  formed.  The  brown  crystalline  mass  was  then  dissolved  in  water. 
The  insoluble  flakes,  totaling  I.05  g,  were  filtered  out.  Yellowish  minute 
lamellae  after  recrystallization  from  petroleum  ether  (the  solution  being 
treated  with  sodium  sulf  ilB  to  bind  the  free  iodine).  M.p.  41.8-42*.  The  lit¬ 
erature  gives  the  m.p,  of  2, 5 -di iodothiophene  as  ;40. 5-41.5*  [is]-  Processing 
of  the  aqueous  solution  yielded  6.5  g  of  a  crystalline  powder,  recrystalliza¬ 
tion  of  which  yielded  barium  iodothiophene sulfonate  -  lamellar  crystals  that 
are  slightly  soluble  in  cold  water  and  readily  soluble  In  hot. 

4.000  mg  substance:  I.87O  mg  BaS04.  6.735  mg  substance:  3*125  mg  BaS04. 

Found  ^  Ba27.52  27,31.  C4H06lS2Ba.  Computed  ^  Ba  27. 01 

The  residue  consists  of  a  mixture  of  equimolecular  quantities  of  the  bar¬ 
ium  salts  and  the  dlsulfo  acids  of  thiophene  and  iodothiophene  that-  was  hard 
to  separate . 
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SUMMARY 


Pyridine  sulfotrioxide  has  been  utilized  to  sulfonate  2-chlorothiophene, 
2-bromothiophene,  and  2-iodothiophene  without  a  trace  of  tarring.  The  barium 
salts  of  the  following  acids  have  been  synthesized:  2-chlorothlophenesulfonic- 
-5  acid  (94.8^  yield) j  2-thlophenesulfonic-5  acid  (90^  yield) j  and  2-iodothio¬ 
phene  sulfonic  -5  acid  (77^  yield),  together  with  other  salts  and  derivatives 
of  these  sulfo  acids. 

It  has  been  shown  that  the  reaction  of  lodothiophene  with  normal  and 
'held”  pyridine  sulfotrioxide  involves  dlsmutation  of  the  halogen. 
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THE  N-ARYL  AMIDES  OP  HYDROXY  ACIDS  AND  THEIR  CONVERSION  INTO 


HETEROCYCLIC  COMPOUNDS  *  • 


II.'  Naphthalides  of  ot.-Hydroxy  Carboxylic  Acids 


P.  A.  Petyunin  and  N.  G..  Panferova 


\ 


■I 


Irf-our  first  report  we  showed  that  the  principal  reaction  products  may  he 
anilides  ’of  the  a-keto  or  a-hydroxy  acids,  depending  on  the  ratio  between  the 
organomagnesium  compound  and  the  oxanllic  edter.  . 

To  check  this  hypothesis,  and  to  extend  the  field  of  utilizatlon’^f  this  ' 
reaction,  we  undertook  further  investigations  with  a  view  to  determining  the 
part  played  by  the  radical  attached  to  the  nitrogen  in  setting  up  steric  hin¬ 
drances,  making  a  study  of  the  reaction  between  organomagnes,lum  compounds  and 
the  esters  of  a-  and  3-naphthyloxaminic  acid.  According  to  the  literature  [2], 
a-naphthyl  is  an  orthosubstltuted  radical  and  hence  ought  to  be  extremely  active 
sterically. 

The  reaction  was  carried  out  with  various  numbers  of  mols  of  the  Grignard 
reagent,  depending  upon  the  objective  of  the  test.  ^ 

In  contrast  to  the  oxanilic  ester,  the  formation  of  keto  acid  derivatives 
is  much  easier  with  the  a-  and  3-naphthyloxaminic  esters.  Whereas  certain 
precautions  have  to  be  employed  with  the  former,  such  as  deep  chilling  when 
the  reagents  are  mixed  together  and  when  the  reaction  mass  is  decomposed,  these 
precautions  are  not  obligatory  with  the  naphthyloxaminic  esters. 

Replacing  the  phenyl  radical  by  naphthyl  increases  the  steric  hindrances. 

As  we  know,  the  reaction  of  esters  with  a  Grignard  reagent  takes  place  via  a 
stage  in  which  ketones  are  formed  [3].  The  ketones  may  be  isolated,  however, 
Whenever  structural  factors  result  in  the  appearance  of  steric  hindrances, 
either  because  of  the  organomagnesium  compound  [4]  or  the  ester  [5].  In  the 
reaction  we  have  been  investigating,  the  steric  hindrances  appeared  in  the  N- 
aryl  oxamlnic  ester.  When  a  large  quantity  of  a  Grignard  reagent  (4-5  mols) 
is  reacted  with  naphthyloxaminic  esters,  the  principal  reaction  products  will 
be  the  naphthalides  of  a-hydroxy  acids.  As  in  the  oxanilic  ester,  the  excess 
Grignard  reagent  acts  as  a  solvent,  increasing  the  yield  of  the  hydroxy  acid 
naphthalides.  We  have  investigated  the  reaction  of  ethyl  esters  of  a-  and  3- 
naphthyloxaminic  acid  with  RMgX,  where  R  =  CH3,  C2H5,  iso-CsHu,  CeHs,  and 
n  ~  CH3C6H4. 

The  properties  of  the  synthesized  compounds  are  listed  in  the  subjoined 
table. 

The  a-  and  3 -naphthalides  of  a-isobutyric  acid  are  described  in  the  lit¬ 
erature,  the  other  compounds  having  been  synthesized  by  us  for  the  first  time. 
The  reaction  of  the  ethyl  esters  of  a-  and  3 -naphthyloxaminic  acids  and  organo¬ 
magnesium  compounds  may  be  recommended  as  a  preparative  method  for  securing 
the  naphthalides  of  a-keto  and  a-hydroxy  acids. 


.*  The  first  report  was  published  under  the  following  title;  “The  Action  of  a  Grignard  l-eagent  upon 
esters  of  N-substituted  amides  of  dicarboxylic  acids’'^ 
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No. 

Naphthalide  formula 

Melting 

M.p.  given  in 

Point , ® 

literature,  * 

1 

g-C  1 0H7NHCO " C  ( OH)  ^CHa ) 2 

159.5° 

159.5  -  161“ [s; 

2 

g-CioH7NHC0»C(0H) (C2H5)2 

140.5 

3 

g-CioH7NHC0*C(0H) (iso-C5Hii)2 

1.40,5 

4 

g-CioH7NHC0'C(0H) (C6H5)2 

195 

5 

g-CioH7NHC0-C (OH) (n-C6H4CH3)2 

151 

6 

g-CioH7NHC0-C0C2H5 

173 

7 

3-CioH7NHC0-C(0H) (013)2 

157 

157  -  159°  [7] 

8 

P-CioH7NHC0“C (OH) (0215)2 

124.5 

9 

3-CioH7NHC0-C(0H) (iso-C5Hii)2 

129 

10 

P-CioH7NHC0“C(0H) (0315)2 

201 

11 

3-CioH7NHC0-C (01) (n-C6H4CH3)2 

191 

12  • 

3 -C10H7NHCO *000215 

170,5 

EXPERIMENTAL 

g-Naphthallde  of  g-hydroxylsobutyrlc  acid.  The  g-naphthalide  of  g-hydroxy- 
isobutyric  acid  was  synthesized' by  re^xlrT^.^  mol  of  methylmagnesium  iodide/  pre¬ 
pared  from  20.5  g  of  methyl  iodide  and  3*5  g  of  magnesium  in  70  nil  of  ether,  with 
8  g  (1  mol)  of  g-naphthyloxaminic  ester.*  This  yielded  6  g  of  the  substance,  or 
80^  of  the  theoretical  yield.  It  was  a  finely  crystalline  powder,  with  a  m.p. 
of  159*5°  after  crystallization  from  alcohol.  The  literature  gives  the  m.p.  of 
the  g-naphthalide  of  g-hydroxyisobutyric  acid  as  159-l6l“  [s]. 

0.3^31  g  substance;  I5  ml  0.1 _N  H2SO4  (Kjeldahl) .  0,2261  g  substance; 

10.1  ml  0.1  N  H2SO4.  Found  ^  N  6.12,  6.26.  C14H15O2N.  Computed  ^  N  6.15, 

g-Naphthalide  of  diethylglycolic  acid.  The  following  quantities  were 
used  in  this  reaction:  8  g  (l  mpl)  of  the  ethyl  ester  of  g-naphthyloxaminic 
acid,  22.6  g  of  ethyl  iodide  (4.4  mols),  and  3*5  g  of  magnesium.  The  yield 
was  6.6  g  of  the  substance,  or  78.5^  of  the  theoretical.  The  naphthalide  is 
insoluble  in  water,  slightly  soluble  in  benzene  and  ether,  and  readily  soluble 
in  alcohol  and  acetone.  It  crystallizes  from  alcohol  as  colorless  lamellae 
with  a  m.p.  of  l40.5". 

0.2026  g  substance;  7*89  ml  0.1  N  H2SO4.  Found  ^  N  5.45.  C16H19O2N. 
Computed  ^  N  5*^^* 

g-Naphthalide  of  dlisoamylglycolic  acid.  The  g-naphthalide  of  diiso- 
amylglycolic  acid  was  prepared  from  6.6  g  (l  mol)  of  the  ethyl  ester  of  g-naph¬ 
thyloxaminic  acid,  17*9  g  of  isoamyl  bromide  (4.4  mols)  and  2.8  g  of  magnesium. 

The  yield  was  5*8  g,  or  60.8^  of  the  theoretical.  Elongated  thin  needles  with  ’ 
a  m.p.  of  140.5®  after  crystallization  from  dilute  alcohol.  The  naphthalide  is 
insoluble , in- water,  but  freely  soluble  in  alcohol,  ether,  benzene  and  acetone, 

0.2558  g  substance;  6.76  ml  0.1  N  H2SO4.  0,3011  g  substance:  8.4  ml 
0.1  N  ^  H2SO4.  Found  ^  N  3*7,  5*91.  C22H31O2N.  Computed  ^  N  4.1, 

g-Naphthalide  of  diphenylglycolic  acid,  (g-naphthalide  of  benzylic  acid) . 
The  initial  substances  were;  8  g  (1  mol)  of  the  ethyl  ester  of  g-naphthyloxa¬ 
minic  acid,  22.7  g  (4  mols)  of  bromobenzene ,  and  3*5  g  of*  magnesium.  The  yield 
was  11  g,  or  94.8^  of  the  theoretical.  The  naphthalide  is  insoluble  in  water  or 

•The  a-naphthylox^inic  ester  was  prepared  by  heating  (X-naphthylamine  with  ethyl  oxalate. 


ether,  slightly  soluble  in  cold  alcohol  and  benzene,  and  readily  soluble  when 
heated  in  the  latter  two  solvents. •  It  turns  concentrated  sulfuric  acid  a  dis¬ 
appearing  red.  It  was  crystallized  from  alcohol  as  elongated  thin  needles  with 
a  m.p.  of  195°*  Recrystallization  from  benzene  raised  the  m.p.  to  195° • 

0,2152  g  substance:  6.44  0.1  N  H2SO4.  Found  ^  N  4.19.  C24H19O2N. 

Computed  ^  N  5-96. 

g-Naphthalide  of  n,n' -ditolylglycolic  acid,  (a-naphthalide  of  p-toluic 
acid).  The  initial  substances  used  were:  ^  g  of  the  ethyl  ester  of  a-naphthyl- 
oxaminlc  acid  in  30  ml  of  ether,  15.5  g  of  £-bromotoluene,  and  2.2  g  of  magnes¬ 
ium.  The  yield  was  7-1  g>  or  91^  of  the  theoretical.  The  naphthalide  is  insol¬ 
uble  in  water  or  petroleum  ether,  though  freely  'soluble  in  alcohol,  ether,  di- 
chloroe thane,  and  benzene.  It  dissolves  in  concentrated  sulfuric  acid,  turning 
it  a  dark  crimson,  which  disappears.  A  finely  crystalline  powder  with  a  m.p. 
of  151“  after  crystallization  from  a  small  quantity  of  alcohol. 

0.2056  g  substance:  5.58'  ml  0,1  N  H2SO4.  Found  %  N  3.79.  C26R23O2N. 
Computed  ^  N  3.67. 

g-Naphthalide  of  propionylformic  acid.  The  initial  substances  used 
were:  5  g  (l  molT  of  the  g-naphthyloxamlnic  ester,  7.1  g  (2.2  mols)  of  ethyl 
iodide,  and  1.1  g  of  magnesium.  Toward  the  end,  the  reaction  mass  was  heated 
for  30  minutes  over  a  water  bath.  No  heat  was  evolved  when  a  saturated  solu¬ 
tion  of  ammonium  chloride  was  added.  The  precipitated  substance  was  insoluble 
in  water  or  the  usual  organic  solvents.  It  decomposed  without  melting  when 
placed  in  the  flame  of  an  alcohol  lamp.  It  contained  halogen  (Bellstein  test) 
and  magnesium  (reaction  with  an  alkaline  solution  of  p-nltrobenzeneazoresorcinol 
[9]).  The  reaction  product  was  washed  with  water  and  triturated  in  a  mortar  with 
15  ml  of  dilute  sulfuric  acid,  which  caused*  the  reaction  mass  to  give  off  heat 
and  to  foam.  The  precipitate  was  then  washed  with  water  until  its  reaction 
was  neutral  and  dried  In  the  air.  The  naphthalide  is  Insoluble  in  water,  but 
freely  soluble  in  most  of  the  customary  organic  solvents.  It  crystallizes  from 
toluene  as  elongated  needles  with  a  m.p.  of  173”. 

0.2068  g  substance:  9.13  ml  0.1  Na  H2SO4.  Fsund  ^  N  6.18,  C14H13O2N. 

Computed  ^  N  6.I7. 

P-Naphthallde  of  g-hydroxybutyric  acid.  The  p -naphthalide  of  g-hydroxy- 
butyrlc  acid  was  synthesized  from  10  g  (l  mol)  of . the  ethyl  ester  of  P-naphthyl- 
oxaminic  acid/  25.6  g  (4.4  mols)  of  methyl  iodide,  and  4,4  g  of  magnesium. 

It  crystallized  from  alcohol  as  small  lamellae  with  a  m.p.  of  157°-  The 
yield  was  8  g,  or  84.9‘)(>  of  the  theoretical. 

0,1717  g  substance;  7.5  ml  0.1  N  H2SO.  O.II3I  g  substance:  5.I  ml 
0.1  N  H25O4.  Found  ^  N  6.11,  6.31.  C14H15O2N.  Computed  %  N  6,15. 

The  naphthalide  of  g-hydroxyisobutyric  acid  was  synthesized  by  reacting 
an  alcoholic ■ solution  of  potassium  hydroxide  with  the  P-naphthallde  of  g-bromo- 
isobutyric  acid  as  well  as  by  heating  g-hydroxyisobutyrlc  acid  with  3-naphthyl- 
amine,  M.p,  157-159°  [t']. 

P-Naphthalid'e  of  diethylglycollc  acid.  The  initial  substances  used  were: 

10  g  of  the  ethyl  ester  of  3-naphthyloxaminic  acid,  28.2  g  of  ethyl  iodide,  and 
4.4  g  of  magnesium.  This  yielded  9c 5  S)  or  90.4^  of  the  theoretical.  The  naph¬ 
thalide  is  insoluble  in  water,  slightly  soluble  in  carbon  tetrachloride,  gasoline, 
and  toluene,  and  readily  soluble  in'  ether,  acetone,  and  alcohol.  It  crystallized 


*  Tte  8  naphtiiyloxaminic  ester  was  prepared  from  P  naphthylamine  and  ethyl  oxalate,  M.P.  119  120^ 


from  alcohol  as  minute  needles  with  a  m.p.  of  124.5“* 

0.2836. g  substance:  10. 38  ml  0.1  N.  H2SO4.  0.l4ll  g  substance:  5*2 
ml  0.1  N/  H£S04.  Found  ^  N  5*^2,  5.16.  CieHigOgN.  Computed  ^  N  5*^^* 

3-Naphthalide  of  proplonylformic  acid.  The  initial  substances  used 
were;  5  g  (1  mol)  of  the  ethyl  ester  of  3-naphthyloxaminic  acid,  7*T  g  (2.2 
mols)  of  ethyl  iodide,  and  1.1  g  of  magnesium.  The  reaction  mass  was  treated 
with  a  saturated  solution  of  ammonium  chloride,  and  the  precipitate  was  heated 
to  boiling  with  a  small  quantity  of  alcohol.  Driving  off  the  alcohol  yielded 
a  small  quantity  of  a  substance  with  a  m.p.  of  121°  —  the  Impure  3-naphthallde 
of  diethylglycolic  acid  (m.p.  of  the  pure  substance  124.5“).  The  principal 
reaction  product  contained  halogen  and  magnesium  and  was  isolated  like  the 
a-naphthalide  of  propionlyformic  acid.  The  naphthalide  is  Insoluble  in  water, 
slightly  soluble  in  ether  and  chloroform,  and  readily  soluble  in  alcohol,  ace¬ 
tone,  and  carbon  tetrachloride.  Elongated  needles  in  clusters,  with  a  m.p.  of 
170.5“ ^  when  crystallized  from  carbon  tetrachloride.  The  yield  was  3.5  g>  or 
79*6^  of  the  theoretical. 

0.1548  g  substance:  6.76  ml  0.1  N  H2SO4.  0.1233  g  substance:  5*2  ml 
0.1  N  H2SO4.  Found  ^  N  6.11,  5.9.  C14H13O2N.  Computed  ^  N  6.I7. 

3-naphthallde  of  dlisoamylglycollc  acid.  The  initial  substances  used, 
were:  8  g  (l  mol)  of  the  ethyl  ester  of  3 -naphthyl oxaminic  ester,  21.8  g 
(4.4  mols)  of  isoamyl  bromide,  and  3*5  g  of  magnesium.  The  yield  was  9-3  g  or 
83  I0  of  the  theoretical.  The  naphthalide  is  Insoluble  in  .water,  slightly  sol¬ 
uble  in  benzene  and  carbon  tetrachloride,  and  freely  soluble  in  alcohol,  ether, 
and  chloroform.  Elongated  colorless  needles  with  a  m.p.  of  129“  when  crystal¬ 
lized  from  alcohol. 

0.2460  g  substance;  7*51  ml  0.1  N  H2SO4.  O.1476  g  substance:  4.2  ml 
0.1  N  H2SO4.  Found  ^  N  4.27,  3.98.  C22H31O2N.  Computed  N  4.1, 

3-Naphthallde  of  diphenylglycollc  acid,  (p-naphthalide  of  benzylic 
acid).  The  following  substances  were  used  in  synthesizing  the  P-naphthalide 
of  benzylic  acid:  8  g  (l  mol)  of  the  ethyl  ester  of  p-naphthyloxaminic  acid, 
22.7  g  (4.4  mols)  of  bromobenzene,  and  3*5  g  of  magnesium.  The  yield  was  9  g> 
or  77.6^  of  the  theoretical,  -Colorless  needles,  with  a  m,p,  of  201°,  when 
crystallized  from  alcohol.  The  naphthalide  is  insoluble  in  water j  slightly 
soluble  in  ether  and  carbon  tetrachloride,  and  freely  soluble  in  chloroform, 
acetone  and  benzene.  It  dissolves  in  concentrated  sulfuric  acid,  turning  the 
solution  red,  the  color  quickly  changing  to  greenish  and  then  disappearing 
altogether . 

0.2420  g  substance:  7*2  ml  0.1  n  H2SO4.  O.1602  g  substance;  4,4  ml 
0.1  N  H2SO4.  Found  ^  N  4.l6,  4.29.  C24H19O2N.  Computed  ^  N  3.96.  * 

3-Naphthalide  of  p-ditolylglycolic  acid.  ( 3-naphtha lide  of  p-toluic 

acid).  The  initial  substances  used  were:  5  g  (l  mol)  of  the  ethyl  ester  of 
3-naphthylox^aminlc  acid,  15*5  g  (4.4  mols)  of  p-bromotoluene,  and  2.2  g  of 
magnesium.  This  yielded  7*1  g  of  the  substancej  or  91^  of  the  theoretical. 

It  was  purified  by  crystallization  from  alcohol.  Minute  needles  with  a  m.p.  of 
191*.  The  naphthalide  is  insoluble  in  water,  slightly  soluble  in  benzene  and 
toluene,  and  freely  soluble  in  other  customary  organic  solvents.  It  dissolved 
in  concentrated  sulfuric  acid,  turning  the  solution  dark  crimson,  the  color 
disappearing  upon  standing. 

0.2478  g  substance;  7  ml  0,1  N  H2SO4.  Found  ^  N  3.95.  C26H23O2N. 

Computed  ^  N  3  67. 

/ 
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SUMMARY 


1.  A  study  has  been  made  of  the  reactions  of  organomagnesium  compounds 
with  the  ether  esters  of  a-  and  3 -naphthyl oxaminic  acids.  It  has  been  shown 
that  the  principal  reaction  products  are  naphthalides  of  a-keto  or  a-hydroxy 
acids,  depending  upon  the  proportions  of  the  reagents  used. 

2.  The  ease  with  which  the  naphthalides  of  the  a-keto  acids  are* formed 
is  due  to  the  manifestation  of  a  steric  effect  at  the  aryl  amide  radical. 

5.  Several  a-  and  3 -naphthalides  of  a-keto  and  a-hydroxy  acids  hitherto 
unknown  in  the  literature  have  been  synthesized  and  their  properties  described. 

4.  The  reaction  of  organomagnesium  compounds  with  the  ethyl  esters  of 
a-  and  3-naphthyloxaminic  acids  may  be  recommended  for  the  synthesis  of  naph¬ 
thalides  of  a-keto  and  a-hydroxy  acids. 
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■  THE  M-rARYL  AMIDES  OP  HYDROXY  ACIDS  AND  THEIR  CONVERSION 

INTO  HETEROCYCLIC  COMPOUNDS 

III.  The  Reactions  of  Organomagnesium  Compounds  with  the  Esters  of  Ortho- 
Methoxymalonanilfc  and  Succinanilic  Acids 

Synthesis  of  the  Anilides  of  y-UYdroxy  Acids 

I 

P.  A.  Petyunin  and  N.  G.  Panferova 


According  to  Slavyanov  [i],  Valeur  [2],  Dielthey  and  Last  [3],  Witting 
and  Leo  [•*],  and  other  research  workers,  malonic  ester  and  its  alkyl-suhstit:- 
uted  derivatives  react  with  organomagnesium  compounds  to  form  tertiary  glycols, 
ketols,  and 'the  like, .the  second  ester  group  being  much  more  difficult  to  in¬ 
volve  in  the  reaction  than  tlie  first  one.  According  to  the  literature,  the 
reaction  between  orthomethoxymalonanilic  ester  and  organomagnesium  compounds 
ought  to  entail  the  formation  of  aryl  amides  of  3-hydroxy  acids  as  follows; 

R  -  NH  -  CO  -  CH2  -  COOR'  R  -  NH  -  CO  -  CH2  -  C(OH)Ri' . 


Large  quantities  of  gas  were  evolved  when  methylmagnesiiom  iodide  or 
ethylmagnesium  iodide  was  added.*  After  the  reaction  mass  was  decomposed,  we 
secured  the  orthomethoxymalonanilic  ester  unchanged,  it  being  identified  by  the 
melting  point  of  a  sample  mixed  with  a  sample  of  the  known  substance.  In  no 
case  did  we  find  the  aryl  amide  of  a  3-hydroxy  acid.  This  phenomenon  is  ev¬ 
idently  attributable  to  the  fact  that  orthomethoxymalonanilic  ester  reacts  in 
the  enol  form.  This  is  evidenced  by  the  results  of  our  experiments  and  by  the 
evolution  of  2  mols  of  methane  in  the  reaction  with  methylmagnesium  iodide. 
Ivanov  and  Spasov  [5]  found  that  isopropylmagnesium  chloride  reacts  with  mal¬ 
onic  ester,  yielding  a' large  amount  of  gas,,  consisting  mainly  of  propane.  The 
authors  explain  this  by  the  fact  that  the  malonic  ester  reacts  in  the  enol 
form.  Job  and  Reich  [e]  found  that  malonic  ester  reacts  with  ethylzinc  iodide 
in  the  enol  form.  The  reaction  of  orthomethoxymalonanilic  ester  in  its  enol 
form  may  be  attributable  to  its  greater  enolization  than  is  the  case  with 
malonic  ester,  inasmuch  as  the  aryl  amid  group  is  a  much  stronger  group  than 
the  carbethoxy  one  insofar  as  its  enolizing  influence  is  concerned  [7]. 


The  unshared  electron  pair  in  the  nitrogen  atom  of  the  aryl  amid  group 
will  be'  repelled  by  the  benzene  ring,  besides  being  shifted  toward  the  carbonyl 
group.  This  entails  a  decrease  in  the  extent  of  the  neutralization  of  the 
tial  positive  charge  on  the  .  C=0  carbon  atom,  while  the  aryl  amide  group  will 
act  as  a  stronger  activator  of  prototropic  systems  than  the  carbethoxy  group: 


_ ^NH-C=0  ^C2H5  -  0  -  C=0 


•  The  CJiugaev-Tserevitinov  method  was  used  to  determine  that  two  moles  of  methane  are  evolved  in 
the  reaction  with  methylmagnesium  iodide. 
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The  experiments  utilizing  succinanilic  ester  were  made  with  various 
numbers  of  mols  of  the  organomagnesium  compound. 

When  the  succinanilic  ester  was  reacted  with  1  mol  of  an  organomag¬ 
nesium  compound,  only  part  of  it  entered  into  the  reaction,  forming  an  aryl 
amide  of  ay- hydroxy  carboxylic  acid,  the  bulk  of  it  being  recovered  unchanged 
(Experiment  1,  Table  l).  No  aryl  amide  of  a  y-keto  acid  was  discovered  among 
the  reaction  products.  Under  these  conditions,  as  well  as  when  2  mols  of  the 
reagent  are  used,  the  derivatives  of  the  oxaminic  ester  readily  form  aryl  amines 
of  the  a-keto  acids  [a].  The  hindrances  noted  above  in  the  oxaminic  ester  with 
respect  to  organomagnesium  compounds  are  not  manifested  in  the  latter’s  reac¬ 
tions  with  succinanilic  ester.  As  the  amound  of  Grignard  reagent  used  increases, 
the  yield  of  the  aryl  amid  of  the  hydroxy  acid  rises. 


TABLE 


No. 

Grams 

of 

ester 

Mols  of 
organo¬ 
magnesium 
compound 

!  Yield  of  Reaction’ Product  * 

- TT"' 

Ether- insoluble  portion 
(initial  product) 

Ether  soluble  portion 
(anilide  of  a  hydroxy 
acid) 

grams  i 

grams  I 

1 

2 

1 

1 

50 

0.5  i 

22 

2 

2, 

2 

0.5 

25 

1 

44 

3 

2 

5 

1  negligible 

- 

1.2  i 

52.8 

k 

2 

4 

f  traces 

1.3 

57.8 

. 

The  maximum  yields  are  secured  when  3-^  mols  of  the  organomagnesium 
compound  are  reacted  with  1  mol  of  the  ester  (Experiments  3  and  4) .  The  gen¬ 
eral  e^quatlon  for  the  formation  of  aryl  amides  of  the  hydroxy  acids  may  be 
stated  as  follows: 

RNH  -  CO  -  CH2  -  CH2  -  COOR'--^-^S>R  -  NH  -  CO  -  CH2  -  CH2  -  C(OH)R’b. 

The  presence  of  mobile  hydrogen  at  the  nitrogen  atom  and  of  9,  hydroxyl 
group  at  the  y-  carbon  atom  makes  it  not  altogether  impossible  that  water  is  ev¬ 
olved  intramolecular ly  and  a  lactam  is  formed.  Abkln  and  Medvedyev  [9]  have 
described  the  formation  of  a  lactam  of  santonlnlc  acid  from  its  amide. 

The  N- phenyl lac turn  (ll)  may  b^  formed  alongside  the  anilide  of  the 
y- hydroxy  acid  (l): 

CsHsNH  -  CO  -  CH2  “CH2  -  C(0H)R"2 

(I) 


From  a  determination  of  their  active  hydrogen,  we  deduced  the  struc¬ 
ture  of  the  synthesized  compounds  to  be  that  of  anilides  of  -hydroxy  acids.  The 
properties  of  the  compounds  synthesized  are  listed  in  Table  2: 

The  reaction  of  organomagnesium  compounds  with  succinanilic  ester  may 
be  recommended  as  a  preparative  method  of  synthesizing  the  N-aryl  amides  of 
y-  hydroxy  acids. 
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TABLE  2 


No. 

Anilide  formula 

M.p., 

1  Active  hydrogen 

Found 

Calculated 

1  ' 

1  C6H5NH-C0-CH2-CH2-C(0H) (CH3)2 . 

91.5° 

1.97 

2 

2 

C6H3FH-CO-CH2-CH2-C (oh) (C2H5)2 . 

82.5 

1.88 

2 

3 

C6H5NH-CO-CH2-CH2-C (oh) (C5Hii-iso)2 

81.5 

- 

- 

4 

CeHsNH  CO  CH2  CH2  C(0H)(C3H5)2 . 

89.5-90.5 

- 

- 

5 

CeHsNH  CO  CH2  CH2  C  (OH)  (C6H40CH3)2. 

168-170  ; 

1 

i 

1  ■ 

- 

EXPERIMENTAL 


Ethyl  ester  of  orthomethoxymalonanilic  acid  (  > NH  CO  CH2COOC2H5. 

5  g  (1  mole)  of  orthoanisidlne  was  heated  with  7*1  g  ^ ^ 

(in  mole)  of  malonlc  ester  over  a  sand  hath  for  3-^  hours,  heating  being  continued 
until  a  sample  crystallized  completely.  The  reaction  mass  was  poured  into  50  nil 
of  hot  alcohol,  the  resultant  precipitate  being  filtered  out  and  recrystallized 
from  alcohol.  Colorless  needles  with  a  m.p.  of  159*5°*  The  yield  was  1.6  g  of 
the  diorthoanislde  of  malonlc  acid. 


0.5558  g  substance:  69.25  ml  O.O5  N  H2SO4  (KJeldahl).  Found  N.  8,72. 
C17H18O4N2.  Computed  N  8.9I. 


The  diorthoanislde  of  malonlc  acid  is  not  described  in  the  literature.  The 
main  reaction  product  was  precipitated  by  diluting  the  filtrate  with  water,,  the 
precipitated  heavy,  oily  liquid  being  treated  with  dilute  hydrochloric  acid  (to 
eliminate  the  unreacted  anlsldine)  and  then  washed  with  water  Rubbing  with  a 
glass  rod  caused  a  crystalline  mass  to*  form.  The  yield  was  5«7  or  38.5^  of 
the  theoretical.  Crystallized  from  benzene  as  colorless  lamellae  with  a  m.p.  cf 
63°.  The  substance  is  -Tnsoluble  in  water,  slightly  soluble  in  ether  and  cold 
benzene,  and  freely  soluble  in  other  organic  solvents. 


0.4216  g  substance:  3^.7  nil  O.O5  N  H2SO4.  Found  N  6.O9. 
Ci2Hi504lL^Computed  N  5*9. 


Orthomethoxymalononanilic  acid.  1  g  of  the  ethyl  ester  of  orthomethoxy¬ 
malonanilic  acid  was  heated  over  a  water  bath  with  10  ml  of  a  10^  solution  of 
sodium  hydroxide  until  it  all  dissolved.  After  the  solution  had  cooled,  concen¬ 
trated  hydrochloric  acid  was  added  to  the  solution  until  its  reaction  was  acid 
with  Congo  red,  and  the  resultant  precipitate  was  isolated  in  the  usual  manner. 
Crystallised  from  water  as  colorless  prisms  with  a  m.p.  of  145“  (with  decomposi¬ 
tion,  CO2  being  evolved).  Orthomethoxymalonanilic  acid  is  not  described  in 
the  literature.  It  decomposed  when  heated,  yielding  acetanlsidine,  with  a  m.p. 
of  86°  [10]^  as  shown  below. 

_ OCH3  OCH3 


(  /NH-CO-CH2-COOH  -  ^  ^NH-C0-CH3  +  CO2. 


The  anilide  of  y s Y-dimethyl-y -hydroxybutyric  acid.  The  initial  substances 
used  were:  5  g  (l  mole)  of  the  methyl  ester  of  succinanilic  acid,*  10. 3  g  (3 
moles)  of  methyl  iodide,  and  1.8  g  of  magnesium.  This  yielded  2.2  g,  or  44^  of 
the  theoretical.  The  anilide  is  insoluble  in  water,  slightly  soluble  in  petroleiim 

*  The  metihyl  ester  o€  succinanilic  acid  was  secured  by  heating  succinanil,  m.p,  152°  [n],  with  methanol  and 
concentrated  sulfuric  acid.  M.P.  of  the  ester  97^98  ,  which  is  the  figure  given  in  the  literature  [12.]. 
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ether,  benzene,  and  toluene,  and  readily  soluble  in  alcohol,  acetone,  and  chloro¬ 
form.  It  crystallized  from  gasoline  as  minute  colorless  needles  with  a  m.p<^  • 
of  91.5°. 

0.2104  g  substance:  10.11  ml  0.1  N  H2SO4;  0.2l6l  g  substance;  6'  ml  0.1  R 

H2SO4.  0.1136  g  substance:  26  ml  CH4  (l8°,  755-5  mm)  (Chugaev-Tserevitinov) . 

Found  N  6.72,  6.66.  H*  1.97-  C12H17O2N.  Computed  N  6.76;  H-  2. 

The  anilide  of  y,  Y-dimethyl-y-hydroxybutyric  acid  is  not  described  in  the 
literature. 

Anilide  of  y ^  y-diethyl-y.-hydroxybutyric  acid.  The  initial  substances  used 
were:  2  g  (1  mole)  of  the  ethyl  ester  of* succinanilic  acid,  4.5  g  (3  moles)  of 
ethyl  iodide,  and  O.7  g  of  magnesium. 

This  yielded  1.2  g,  or  52.8^  of  the  theoretical.  The  anilide  is  slightly  , 
soluble  in  water,  petroleum  ether,  gasoline,  and  carbon  tetrachloride,  and 
freely  soluble  in  the-  other  customary  organic  solvents.  It  crystallized  from 
petroleum  ether  as  elongated  colorless  needles  with  a  m.p.  of  82.5*. 

0.2108  g  substance;  8.71  ml  0.1  N  H2SO4.  O.2058  g  substance:  8.49  ml 

0.1  N  H2SO4.  0.0858  g  substance:  16.5  ml  CH4  (19°,  756  mm).  Found 
N  5.78,  5-775  H*  1.88.  C14H21O2N.  Computed  N  5-95;  H-  2. 

The  anilide  of  Y,  Y-diethyl-y-hydroxybutyrlc  acid  is  not  described  in  the 
literature. 

Anilide  of  y  ,Y -dlallyl- y-hydroxybutyric  acid.  The  initial  substances  used 
were:  5  g  (1  mole)  of  succinanilic  ester,  8.7  g  (3  moles)  of  allyl  bromide, 
and  1.8  g  of  magnesium.  The  anilide  is  insoluble  in  water,  slightly  soluble  in 
toluene  and  carbon  lietrachloride,  and  readily  soluble  in  alcohol.  It  crystal- 
.  lized  from  carbon  tetrachloride  as  needles  with  a  m.p.  of  89.5-9C>-5°-  Tiie  yield 
was  3-4  g,  or  5^-8^  of  the  theoretical. 

0.2216  g  substance;  9-03  ml  0.1  N  H2SO4.  0.2266  g  substance:  9-25  ml 

0.1  N  H2SO4.  Found  N  5.7,  5. 71-  C16H21O2N.  Computed  N  5.4. 

The  anilide  of  y,  y-dlallyl- y-hydroxybutyric  acid  is  not  described  in  the 
literature. 

Anilide  of y  ,y-diisoamyl-y-hydroxybutyric  acid.  The  following  were  used 
synthesize  the  anilide  of  (Y,Y -diisoamyl.-y-hydroxybutyric  acid:  5  g  (l  mole)  of 
■  \  the  methyl  ester  of  succinanilic  acid,  10.4  g  (3  moles)  of  isoamyl  bromide,  and 
1.8  g  of  magnesium.  The  yield  was  2.8  g,  or  36.3^  of  the  theoretical. 

The  anilide  is  insoluble  in  water,  slightly  soluble  in  carbon  tetrachloride, 
gasoline,  and  petroleum  ether,  and  readily  soluble  in  benzene,  toluene,  acetone 
'  and  alcohol. 

0.1590  g  substance;  9-9  ml  O.O5  N.H2SO4;  O.I273  g  substance:  8.I3  ml 

0.05  N  H2SO4.  Found  N  4.^6,  4.47.  C20H33O2N.  Computed  N  4.39- 

The  anilide  of y ,y -dlisoamyl-y-hydroxybutyric  acid  is  not  described  in  the 
literature. 

The  anilide  of  Y  iY-bls-(2-methoxyphenyl) -Y-hydroxybutyric  acid.  The  initial 
substances  used  were:  5  g  (1  mole)  of  succinanilic  ester,  I6.9  g  (3  moles)  of 
orthoiodoanisole,  and  1.7  g  of  magnes^.um.''  The  reaction  mass  was  decomposed  with 
with  a  saturated  solution  of  ammonium  chloride,  and  the  reaction  product  was  ex¬ 
tracted  with  ether.  Evaporating  the  solvent  yielded  an  oily  liquid  that  slowly 
crystallized.  The  yield  was  6.9  g,  or  73-4^  of  the  theoretical.  The  anilide 
is  insoluble  in  water,  slightly. soluble  in  gasoline  and  carbon  tetrachloride, 
and  freely  soluble  in  benzene,  toluene,  and  alcohol'.  It  dissolved  in  concentrated 
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sulfuric  acid,  turning  the  solution  red-violet,  the  colo?  slowly  changing  into 
brown,  and  crystallized  from  toluene  as  colorless  needles  with  a  m.p.  of  l68- 

170° . 

OA052  g  substance:  10.3  ml  0.1  N  H2SO4:  O.31OO  g  substance:  8.2  ml  0.1  N 
H2SO4.  Found  N  3-58#  3*7*  C24H25O4N.  Computed  N  3.57« 

The  anilide  of  Y ,Y-bis-(2-methoxyphenyl) - Y-hydroxybutyric  acid  is  not  des¬ 
cribed  in  ^the  literature. 


SUMMARY 

1.  Orthomethoxymalonanilic  ester  evidently  reacts  withorganomagnesium  com- 
. pounds  in  its  enol  form,  being  recovered  unchanged  after  the  reaction  mass  is 

decomposed. 

2.  A  study  has  been  made  of  the  reaction  of  succinanilic  ester  with  organo- 
magnesium  compounds,  it  being  found  that  only  the  carbethoxy  group  of  the  suc¬ 
cinanilic  ester  enters  into  the  reaction,  giving  rise  to  anilides  of  the  y -hyd¬ 
roxy  carboxylic  acids.  This  reaction  is  suitable  as  a  preparative  method  of 
synthesizing  the  aryl  amides  of  y -hydroxy  acids. 

3.  The  sterlc  hindrances  observed  by  us  in  the  case  of  derivatives  of 
oxaminic  ester  are  not  manifested  in  the  reaction  of  succinanilic  ester  with 
organomagnesium  compounds. 

4.  Several  anilides  of  the  y -hydroxy  acids  hitherto  unknown  in  the  litera¬ 
ture  have  been  synthesized  and  their  properties  investigated. 
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THE  SYNTHESIS  OP  SOME  DERIVATIVES  OP  NICOTINIC  ACID 


I.  B.  Simon 


The  part  played  hy  nicotinic  acid  as^an  active  factor  in  activity  of  living 
organisms,  participating  in  the  oxidative-reduction  processes  of  cell  tissue, 
has  been  the 'subject  of  considerable  attention  in  recent  years.  It  acts  as  a 
general  stimulant  of  the  manufacture  of  blood.  Its  detoxifying  and  antitoxic 
action  in  various  types  of  poisoning  (by  barbiturates,  sulfonylamides,  lead, 
and  arsenobenzene)  has  been  established  [i].  The  varied  and  beneficial  action 
of  ninotinic  acid  upon  the  organism  is  reason  enough  for  synthesizing  some  of 
its  derivatives,  which  may  display  physiological  activity.  Sadykov  ard  Maximov, 
[2],  for  example,  describe  the  synthesis  of  several  derivatives  of  nicotinic 
acid  coupled  with  sulfonamides. 

The  present  paper  describes  the  synthesis  of  the  following  compounds:  '• 

N- (nicotinyl) -thiourea  hydrochloride,*  2- (nicotlnylamide) -thlazole,  p-carboxy- 
phenylnicotinylamlde,* •  and  p-benzenesulfoacetamide-nicotinylamide. 

Nicotinic  acid  is  the  initial  substance  for  all  these  syntheses.  We  pre¬ 
pared  it  by  one  of  the  methods  described  by  us  earlier,  i.e.,  by  oxidizing  ana- 
basine  electrochemlcally  [5],  or  with  sulfuric  acid  [e],  or  with  a  chromic  acid 
mixture  [7].  The  nicotinic  acid  was  processed  with  an  excess  of  thionyl  chlor¬ 
ide,  the  resultant  crude  acid  chloride  (a  mixture  of  the  nicotinyl  chloride  aid 
hydrochloride)  was  condensed  with  the  corresponding  amine  in  an  inert  solvent 
(toluene,  pyridine,  or  xylene) .  We  simplified  the  method  for  the  amines  that 
were  freely  soluble  in  pyridine  by  not  isolating  the  free  crude  nicotinyl  chlor¬ 
ide.  The  pyridine  suspension  of  nicotinic  acid  was  treated  with  a  slight  ex¬ 
cess  of  thionyl  chloride,  and  the  resultant  solution  was  heated  with  a  pyridine 
solution  of  the  amine,  after  which  the  end  product: was  precipitated  with  water. 

A  mixture  of  the  substances  secured  by  these  two  different  methods  exhibited 
no  depression  of  the  melting  point.  The  yield  of  the  condfensation  products 
remained  the  same  as  in  the  first  variant.  The  properties  of  the  compounds 
synthesized  are  listed  in  the  table. 

EXPERIMENTAL 

N- (Nicotinyl) -thiourea  hydrochloride .  10  g  of  nicotinic  acid  was  placed 

in  a  round-bottomed  flask  fitted  with  a  reflux  condenser,  a  dropping  funnel 
and  a  stirrer  equipped  with  a  merciiry  seal,  and  20  ml  of  thionyl  chloride  was 
added.  Then  the  mixture  was  heated  over  a  water  bath  for  1  hour,  and  the  ex¬ 
cess  thionyl  chloride  was  driven  off  over  a  water  bath.  The  crude  product  con¬ 
sisted  of  a  mixture  pf  the  nicotinyl  chloride  and  hy4rochlorlde  and  was  utiliz- 
able  for  further  condensations.  The  yield  was  12  g.  5'>5  g  of  the  crude  nico¬ 
tinyl  chloride  was  dissolved  in  20  ml  of  toluene  and  4.2  g  of  thiourea  was 
added.  The  mixture  was  boiled  for  12-l4  hours,  after  which  it  was  cooled,  the 
excess  toluene  was  decanted,  and  the  precipitate  was  dissolved  in  50  ml  of  alco¬ 
hol.  The  solution  was  filtered  and  precipitated  with  twice  its  volume  of  ether. 

*  Douglass  [41  mentions  nicotinylthiourea  very  scantily,  stating  that  it  may  be, synthesize  by  treating 
.an  acetone  Elution  of  the  corresponding  mustard  oil  with  ammonia,  though  the  oil  is  synthesized  in  such 
minute  quantities  that  the  method  is  of  no  more  than  theoretical  interest. 

•*  See-  following  page. 
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TABLE 


Value  of  R 

Melting  point 

Overall 

No. 

Compound 

in  the 

Variant 

Variant 

Mixture 

yield 

formula 

I 

1  II 

of  var- 

w 

C 

j:0-R 

iants  I 
and . II 

N 

1 

2-(Nicotinylamide) - 

r  N 

210-211' 

210° 

210° 

60-65 

thiazole 

-HB-i 

u 

S  1 

1 

2 

p-Carboxyphenyl- 

nicotinylalnlde 

NHj^^COOH 

500-302 

300 

0 

0 

60-62 

1 

5 

p-Benzenesulfoacet- 

NI^ 

amide-nicotinyl- 

amide 

.  k  1 

[ 

t 

^2NHC0CH3 

0 

ITN 

OJ 

1 

GO 

CVJ 

247- 

248 

50-55 

248 

1 

4 

N- (Nicotinyl)-thlo- 

58 

urea  hydrocli^oride 

1  -NHCSNH^-HCl 

193-195 

The  resultant  precipitate  was  filtered  out  and  air-dried.  The  yield  was  7 
or  58^  of  the  theoretical.  The  preparation  was  secured  as  minute  yellowish 
crystals  that  were  soluble  in  water  and  alcohol  and  insoluble  in  ether.  They 
decomposed  at  195-195° •  » 

4.007  nig  substance:  0.68  ml  N2  (22*,  7^2  mm);  2.986  mg  substance: 

0.51  ml  N2  (22°,  762  nw);  O.1998  g  substance:  0.2072  g  BaS04.  0.2006 

g  substance:  0.2034  g.BaS04.  Found  N  19.30,  19’. 42;  S  l4.58,  14.25. 

C7H8ON3SCI.  Computed  N  19.31|  S  l4.72. 

2-(Nicotlnylamide) -thiazole.  Variant  I.  1.2  g  of  the  nicotinic  acid  was 
placed  in  suspension  in  5  ml  of  anhydrous  pyridine,  1  ml  of  thionyl  chloride 
was  added,  and  the  whole  was  heated  over  a  water  bath  for  1  hour.  Then  1  g  of 
2-aminothiazole  (m.p.  96°),  dissolved  in  5  ml' of  anhydrous  pyridine,  was  added, 
and  the  mixture  was  heated  for  another  hour  over  a  water  bath.  After  it  had 
cooled,  five  times  its  volume  of  cold  water  was  added,  and  it  was  set  aside 
to  stand  overnight.  The  next  day  the  resultant  precipitate  was  filtered  out  - 
and  recrystallized  from  hot  water.  The  yield  was  1.2  g  (60^) .  M.p.  210-211°. 

The  pinkish  preparation  is  soluble  in  alcohol  and  hot  water,  but  insoluble 
in  cold  water  or  in  ether. 

5.599  mg  substance:  0.97  ml  N2  (22°,  75^  mm);  4.207  mg  substance:  0.74 
ml  N2  (22°,  756  mm).  Found  N  20.26,  19-94.  C6H7ON3S.  Computed  N  20.42. 

••  After  the  completion  of  the  present  research  there  appeared  a  paper  by  Mazover  [3]  describing  the  synthe 
synthesis  of  N-nicotinyl'p-aminobenzoic  acid  by  oxidizing  p-toluidine  with  nicotinic  acid. 


Variant  II.  1.4  g  of  the  crude  acid  chloride  of  nicotinic  acid  was  dis- 
solved  in  5  ml  of  pyridine,  and  then  1  g  of  2-aminothiazole  dissolved  in  5  nil 
of  pyridine  was  added.  The  mixture  was  heated  over  a  water  bath  for  1  hour. 
When  it  had  cooled,  ^0  ml  of  water  was  added.  Upon  standing,  a  red-brown  pre¬ 
cipitate  settled  out,  which  had  a  m.p.  »of  210"  after  recrystallization  from 
hot  water.  The  yield  was  1.3  g  (65^). 

2-Aminothiazole  was  prepared  by  condensing  monobromoacetal  (secured  by 
brominating  acetal  [a]  with  thiourea  [9]). 

p-Carboxyphenylnicotinylamide.  Variant  I.  1.4  g  of  nicotinic  acid  was 
placed  in  suspension  in  5  ml  of  anhydrous  pyridine,  1.2  ml  of  thionyl  chloride 
was  added,  and  the  mixture  was  heated  over  a  water  bath  for  1  hour,  after  which 
1.3  g  of  p-aminobenzoic  acid  dissolved  in  5  ml  of  pyridine  was  -added.  The 
subsequent  processing  was  the  same  as  in  Variant  I  for-  the  synthesis  of2- 
(nicotinylamide) -thiazole.  The  yield  was  1.4  g  (60^) .  The  crystals  are  in 
soluble  in  water  and  slightly  soluble  in  alcohol.  M.p.  300-302°. 

3.604  mg  substance.  0.4  ml  N2  (22°,  756  mm);  4.82  mg  substance: 

0.545  ml  N2  (22°,.  746  mm).  Found  N  12.35,  12.58,  C13H10O3N2. 

Computed  N  12. 17. 

Variant  II.  This  is  the  same  as  Variant  II  for  the  synthesis  of  2-(nico- 
tinylamide) -thiazole.  The  amount  of  nicotinyl  chloride  used  was  1.7  g,  and 
that  of  p-aminobenzoic  acid  was'1.3  g*  The  yield  was  I.5  g  (62^).  The  crys¬ 
tals  had  a  m.p.  of  300°. 

p -Benzene sulfoacetamide-nicotinylamide.  Varlajit  I^  This  was  the  same 
as  the  Variant  I  for  the  synthesis  of  2- (nicotinylainide) -thiazole,  using  1.2 
g  of  nicotinic  acid,  1.4  ml  of  thionyl  chloride,  and  2  g  of  albuclde.  The 
yield  was  1.6  g,  (50^)*  M.p.  248-250°  after  recrystallization  from  dilute  al¬ 
cohol. 

3.806  mg  substance:  0.455  ml  N2  (22°,  745  mm);  3-840  mg  substance: 

0.466  ml  N2  (24°,  747  mm).  Found  N  13-29,  12.96.  C14H13O4N3S. 

Computed  N  I3.I6. 

Variant  II.  This  was  the  same  as  the  Variant  II  for  the  synthesis  of 
2- (nicotinylamide) -thiazole,  using  1.7  g  of  crude  nicotinyl  chloride  and  2  g 
of  albucide.  The  preparation  yield  was  1.8  g  (56^).  The  melting  point  of 
the  preparation  was  247-248*  after  recrystallization  from  dilute  alcohol. 

SUMMARY 

.1..  A  simple  method  is  described  for  the  synthesis  of  several  derivatives 
of  nicotinic  acid  by  treating  it  directly  with  thionyl  chloride  in  pyridine, 
followed  by  condensation  with  the  respective  amine  (without  Isolating  the 
nicotinyl  chloride) . 

2.  Several  substituted  amides  of  nicotinic  acid  have  been  synthesized, 
namely:  N- (nicotinyl) -thiourea  hydrochloride,  2- (nicotinylamide) -thiazole, 
p-carboxyphenylnicotlnylamide,  and  p-benzenesulfoacetamide-nicotlnylamide . 
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SYNTHESIS  OP  AMINOSULPONES 


4 

V. .  Synthesis  of  Bis- (4-nitroph^nyltiiio) -Alkyl  and' 
’  Aryl  Compounds  and  their  Reduction  products 


•  I.  Kb.  Feldman  an'd  T.  I.  Gurevich 


We  have  secured  several  compounds' of  the  following  type; 

RiS-CH-SRi  Ri  =  -e6H4N02j  -C6H4NH2; 

R  R  =  aldehyde  residue 

in  order  to  investigate  the  chemotherapeutic  properties  of  the  amlnosulf ides 
and  amlnosulf ones. 

Compounds  of  this  type,  in  which  Ri  is  an  aromatic,  aliphatic,  or  aliphatic- 
aromatic  radical,  which  did  not  contain  a  nitro  or  amino  group  were  synthesized 
by  Baumann  [1]  by  reacting  a  mixture  of  an  aldehyde  (l  mol^. )  and  a  thiol  (2  mols) 
with  anhydrous  hydrogen  chloride.  He  called  the  synthesized  compounds  "mercap- 
tals”  Baumann's  method  was  utilized  by  other  authors  [2,3,4]  to  synthesize 
mercaptals  of  different  structure. 

We  have  condensed  aldehydes  with  p-nitrophenylthiol  in  a  solvent  (anhydrous 
benzene  or  glacial  acetic  acid)  by  passing  a  current  of  nahydrous  hydrogen  chlor¬ 
ide  through  the  reaction  mixture  at  60-80" .  We  thereby  secured  the  condensation 
products  of  p-nltrophenylthiol  with  n-butyraldehyde,  salicylaldehyde,  vanillin, 
and  p-dimethylaminobenzaldehyde.  All  of  these  products  are  crystalline  sub- 
.  stances,  more  or  less  deeply  yellow  in  color,  insoluble  in  water  and  soluble 
in  most  organic  solvents.  They  are  acid-resistant  but  are  decomposed  by  alka¬ 
lies,  yielding  the  respective  p-nitrophenylmercaptlde.  They  decompose  when  an 
attempt  is  made  to  oxidize  them  to  the  corresponding  P-disulfones,  yielding 
a  p-nitrophenylthlol,  which  is  at  once  oxidized  to  4,4' -dinitrodiphenyl  disulfide 
(p-N02C6H4St)2.  The  synthesized  disulfide  of  the 

SC6H4NO2 

RCH<  ^ 

....  '•  •  SC6H4NO2 

type  contains  two  nitro  groups,  which  are  reduced  catalytically  by  hydrogen  at 
room  temperature  and  atmospheric  pressure  in  ethyl  alcohol,  using  Raney's 
'nickel  catalyst.  The  diamino  compounds  of  vanillin  and  p-dimethylaminobenzal¬ 
dehyde  were  secured  as  chrystAlline  bases,  the  diamino  compounds  of  butyralde- 
hyde  and  salicylaldehyde  being  secured  as  dihydrochlorides,  however,  since 
their  bases  proved  to  be  unstable,  tarring  quickly  when  exposed  to  the  air. 


EXPERIMENTAL 


I 

CH3-CH2-CH2-CH>(( 


.^-o- 

-O 


1.8  g  (0.025  mol.)  of  ‘butyraldehyde  and  7-75  g  (0:05*  mol.)  of  p-nitrophenyl- 
thiol  were  placed  in  a  three-necked  flask,  with  a  capacity  of  about  200  ml, 
connected  to  a  reflux  condenser  and  a  tube  for  passing  gas  through  the  flask. 
40  ml  of  glacial  acetic  acid  was  added  to  the  mixture,  and  anhydrous  hydrogen 
chloride  was  passed  through  it  at  6O-7O®  (over  a  water  bath)  for  2  hours. 

When  the  reaction  was  complete,  the  current  of  gas  was  turned  off,  the  result¬ 
ant  solution  solidifying  into  a  yellow  crystalline  mass  when  it  was ‘stirred 
with  a  glass  rod  after  it  had  cooled  to  room  temperature.  The  crystals  were 
filtered  out  in  a  Buchner  funnel,  the  yield  being  5*^  g  (60^,  based  on  the  am- 
mount  of  aldehyde  employed).  Crystallization  from  acetic  acid  yielded  light 
yellow  needles  with  a  ip.p.  of  86-87°,  freely  soluble  in  hot  acetic  acid,  ethyl 
acetate,  benzene,  and  chloroform,  less  so  in  cold  acetic  acid,  alcohol,  and 
ether,  and  altogether  insoluble  in  water. 

Found  N  7*^7-  C16H16O4N2S2 •  Computed  N  7'69* 

a,a-Bis-(4  aminophenylthio) -butane  dihydrochloride. 


CH3-CH2-CH2-CH{  —  •2HC1 

2  g  of  the  a, a-bis- (4-nitrophenylthlo) -butane  was  reduced  catalytically  with 
hydrogen  in  6C  ml  of  ethyl  alcohol  containing  U  g  of  Raney' s  nickel  catalyst 
at  room  temperature*  and  atmospheric  pressure.  750  ml  of  hydrogen  was  absorbed 
(738  ml  being  called  for  theoretically).  The  catalyst  was  filtered  out,  and 
an  alcoholic  solution  of  hydrogen  chloride  was  added  to  the  alcoholic  solution 
of  the  diamino  compoxmd  until  its  reaction  was  acid,  aft^r  which  most  of  the 
alcohol  was  driven  off  in  vacuum,  and  the  dihydrochloride  was  recovered  with 
anhydrous  ether.  This  yielded  l.U  g  of  the  amine  dihydrochloride  (70^  yield). 

.The  dihydrochloride  was  a' crystalline  yellow  precipitate  (minute  stubby 
bars  under  the  microscope)  with  a  m.p.  of  195-'195°  (with  decomp.).  The  pro- 
-duct  is  freely  soluble  in  alcohol  and  in  water. 

Found  io:  N  7-32;  S  17.02.  Ci6H2oN2S2'2HCl.  Computed  N  7.42j  S  16.87. 


5  g  (0.025  mol.)  of  salicylaldehyde  and  7.6  g  (O.O5  mol.)  of  p-nitrophenylthiol ' 
were  reacted  with  gaseous  hydrogen  chloride  in  benzene  for  2  hours  at  80*  in 
the  apparatus  described  above.  When  the  reaction  was  over,  most  of  the  benz¬ 
ene  was  driven  off  in  vacuum  (until  crystallization  set  in).  As  the  reaction 
mixture 'cooled  to  room  temperature  crystals  settled  out,  which  were  filtered 
out  on  a  Buchner  funnel.  The  yield  was  7.9  g  (7^^  of  the  theoretical,  based 
on  the  aldehyde  used  for  the  reaction).  Recrystallization  from  chloroform 

4  * 


yielded  light-yellow  lamellae  with  a  m.p.  of  l44-l45“ .  The  product  is  soluble 
in  benzene,  chloroform,  alcohol,  and  acetic  acid,  but  insoluble  in  water  or 
ether . 

Found  N  6.82)  S  15.48.  C19H14O5N2S2  Computed  N  6.76)  S  15.44. 


3  g  of  bis- (4-nitrophenylthlp-2* -hydroxybenzal  was  reduced  catalytically  with 
hydrogen  in  80  ml  of  ethyl  alcohol  containing  6  g  of  Raney's  nickel  catalyst 
at  atmospheric  pressure  and- room  temperature.  96O  ml  of  hydrogen  was  absorbed 
(974  ml  being  called  for  theoretically).  The  catalyst  was  filtered  out,  and 
an  alcoholic  solution  of  hydrogen  chloride  was  added  to  the  alcoholic  diamine 
solution  until  its  reaction  was  acidj  then  most  of  the  alcohol  was  driven  off 
in  vacuum.  As  the  solution  was  left  to  stand,  2  g  of  yellow  crystals  (minute 
needles)  with  a  m.p.  of  187-189°  (with  decomposition)  settled  out.  The  melting 
point  was  not  affected  by  recrystallization  from  alcohol.  The  yield  was  67^. 

Found  N  6.57) 'S  l4.34.  Ci9Hi80N2S2*2HCl.  Computed  N  6.55)  S  l4.98. 


Bis- (4-nitrophenylthio) -3* -methoxy-4' -hydroxybenzal. 


3.8  g  (0.025  mol)  of  vanillin  and  7*6  g  (O.O5  mol)  of  p-nltrophenylthiol  were 
reacted  with  anhydrous  hydrogen  chloride  in  benzene  at  80®  for  2  hours  in  the 
apparatus  described  previously.  When  the  reaction  was  over,  most  of  the  benz¬ 
ene  was  driven  off  in  vacuum,  causing  a  yellow  crystalline  precipitate  to 
settle,  totaling  10  g  (90^  yield,  based  on  the  aldehyde  used  for  the  reaction) . 
Recrystallization  from  alcohol  yielded  light-yellow  lamellae  with  a  m.p.  of 
152-153° ,  soluble  in  benzene,  acetone,  and  chloroform,  less  so  in  alcohol  and 
glacial  acetic  acid,  and  insoluble  in  water. 

Found  N  6.47)  S  l4.9.  C20H16O6N2S2.  Computed  N  6.3O)  S  l4.4l. 


OCH3 


4  g  of  bis-,(4-nitrophenylthio) -3 '>-methoxy-4' -hydroxybenzal  was  reduced  cat¬ 
alytically  at  room  temperatiare  and  atmospheric  pressure  with  hydrogen  in  80  ml 
of  ethyl  alcohol  containing  8  g  of  Raney's  nickel  catalyst,  1200  ml  of  hydrogen 
being  absorbed  (1210  ml  was  called  for  theoretically) .  The  catalyst  was  filtered 
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out,  and  most  of  the  alcohol  was  driven  off  in  vacuum;  when  the  residue  was 
allowed  to  stand,  a  crystalline  precipitate  weighing  2.0  g  (60^  yield)  set¬ 
tled  out.  Recrystallization  from  alcohol  yielded  elongated  yellow  prisms  , 
with  a  m.p.'of  151-152°.  The  diamino  compound  is  freely  soluble  in  alcohol, 
chloroform,  and  acetone  and  sparingly  in  ether  and  water. 

Found  N  7.55j  S  I6.77.  C20H20O2N2S2.  Computed  N  7-29);  S  16.66. 

Bis- (4-nitrophenylthio) -4 ' -dimethylaminobenzal ,  ' 

-(^>-N02 

-(^^N02 

OCH3 


(CH3)2N- 


-c 


5.7  g  (0.025  mol.)  of  paradimethylaminobenzaldehyde  and  7*^  g  (0*05  mol)  of 
paranitrophenylthiol  were  reacted  with  gaseous  hydrogen  chloride  in  benzene 
under  the  conditions  specified  above  for  the  preceding  experiments.  When  the 
reaction  was  over,  the  solution  was  cooled  to  room  temperature,  a  yellow,  non- 
. crystalline,  sticky  mass  that  was  insoluble  in  benzene  settling  to  the  bottom 
of  the  flask.  The  benzene  was  decanted,  and  the  remaining  mass  was  treated 
with  hot  water,  after  which  it  crystallized,  the  yield  being  7-9  g  (72^). 
Recrystallization  from  chloroform  yielded  golden  quadrangular  lamellae  with  . 
a  m.p.  of  17^-175°*  The  product  is  freely  soluble  in  chloroform  and  acetic 
acid,  less  so  in  alcohol,  and  Insoluble  in  water,  ether,  or  benzene. 

Found  N  9.6I;  S  14.76.-  C21H19O4N3S2.  Computed  N  9-52;  S  14-.51, 

Bisr(4-aminophenylthio)  -4*  -» dimethylaminobenzal, 


5.5  g  of  bis- (4-‘nitrophenylthio)-^' -dimethylaminobenzal  was  reduced  catalytic- 
ally  with  hydrogen  under  the  conditions  set  forth  in  the  preceding  experiments, 
1080  ml  of  hydrogen  being  absorbed  (IO67  ml  called  for  theoretically).  The 
catalyst  was  filtered  out,  and  the  alcoholic  solution  was  heated  to  the  boiling 
point;  minute,  light-yellow  needles  with  a  m.p.  of  l48-l47*  settled  out  when 
it  cooled,  the  melting  point  remaining  unchanged  after  recrystallization  from 
alcohol.  The  yield  was  2.7  g  {90^),  The  product  is  freely  soluble  in  chloho- 
form^and  acetone,  less  so  in  alcohol,  and  insoluble  in  water  or  ether. 


Found  N  10. 85.  C21H23N3S2.  Computed  N  11.02. 


'  SUMMARY 

1.  Four  bis- (4-nitrophenylthio)  substituted  products  have  been  synthesized 
by  condensing  several  aldehydes  with  paranitrophenylthiol.  The  condensation 
was  effected  by  passing  anhydrous  hydrogen  chloride  through  the  reagents  in 

a  solvent . 

2.  Four  bis-(4-aminophenylthio)  substituted  products  have  been  synthesized 
from  the  bis- (4-nitrophenylthio)  substituted  derivatives  by  reducing  them 
catalytically  with  hydrogen  at  room  temperature  and  atmospheric  pressure  in 
ethyl  alcohol  containing  Raney’s  nickel  catalyst. 
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SYNTHESES  OP  AMINOSULPONES 


VII.  Pseudo  Thio  Ethers  of  Orthoaldehydic  Acids  and  Their  Derivistives 


1.  Kh.  Peldsan  and  T.  I.  Qurevlch 


Pursuing  our  research  [i]  on  securing  P-disulfides  by  condensing  aldehydes 
with  p-nitrophenylthiol,  we  tested  this  reaction  with  phthalaldehydic  and 
opianic  acids.  We  know  [2]  that  o-aldehydlc  acids  sometimes  react  in  their 
aldehyde  form  and  sometimes  in  the  phthallde  form. 


Aldehyde  form  Pht halide  form 

In  the  former  case  we  get  normal,  so-called  a-compounds  (a-ethers,  a-acid 
halides),  while  in  the  second  we  get  pseudo  compounds  (  w-ethers,  etc.).  ; 


a-ether  '  \|/  -ether 

The  latter,  that  is  the  w-ethers,  are  formed  when  alcohols  are  reacted  dir¬ 
ectly  with  o-aldehydic  acids. 

In  our  work  with  paranitrophenylthiol,  v6  have  found  that  it  reacts  with 
o-aldehydic  acids  like  an  alcohol,  yielding  ihe  respective  \j/-thio  ethers  of 
these  acids.  Paranitrophenylthiol  was  condensed  with  the  o-aldehydic  acids 
in  anhydrous  dichloroethane  or  glacial  acetic  acid,  a  current  of  anhydrous 
hydrogen  chloride  being-passed  through  the  reaction  mixture  at  60-80° .  No 
matter  whether  one  or  two  moles  of  the  thiol  were  used  per  mole  of  the  o-alde¬ 
hydic  acid,  we  always  secured  products,  which  proved  upon  analysis  to  contain 
one  thiol  group,  i.e.,  ortho  aldehydic  acids  react  with  paranitrophenylthiol 
to  form  \}t.thlo  ethers  ( I  and  II) : 


\ 
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The  thio  ethers  were  oxidized  with  perhydrol  .in  a  mixture  of  glacial  acetic 
acid  and  acetic  anhydride.  Bis- (4-nitrophenylthio) -alkyl  or  aryl  substituted 
derivatives  were  not  oxidized  to  sulfones  [i],  whereas  4-nitrophenylthio-6,7- 
dimethoxyphthalide  and  4-nitrophenylthiophthalide  were  smoothly  oxidized,  yield¬ 
ing  the  respective  sulfones: 


The  nitro  compounds  of  the  thio  ethers  and  sulfones  were  catalytically  re¬ 
duced  with  hydrogen  at  room  temperature  and  atmospheric  pressure  in  ethyl  al¬ 
cohol  containing  Raney’s  nickel  catalyst,  the  following  amino  -compounds. being 


-NH2 


(VIII) 


EXPERIMENTAL 

4-Nitrophen.ylthio-6;7-<iiPtethoxyphthallde  (l) .  4.2  g  of  opianic  acid 

(0.02  mol),  3*1  g  of  4-nltrophenylthiol>  and  50  ml  of  glacial  acetic  acid  were 
placed  in  a  three-necked  flask,  fitted  with  a  reflux  condenser,  a  thermometer, 
and  an  inlet  tube  for  gas.  When  the  temperature  of  the  mixture,  heated  over 
a  water  bath,  had  reached  80°,  a  current  of  hydrogen  chloride  was  passed  through 
it.  The  deposit  gradually  dissolved.  Toward  the  close  of  the  reaction,  which 
lasted  about  2  hours,  an  abundant  white  precipitate  was  thrown  down.  It  was 
filtered  out  on  a  Buchner  funnel,  yielding  4,5  g  of  4-nltrophenylthlo-6,7-di- 
methoxyphthalide  (70^  yield)  based  on  the  opianic  acid  used.  M.p.  173-174*. 

The  melting  point  did  not  change  after  recrystallizatioh  from  acetic  acid. 

The  same  condensation  can  be  performed. in  anhydrous  dichloroe thane,  but  the 
resultant  product  then  requires  one,  and  sometimes  two  recrystallizations  from 
acetic  acid  to  purify  it.  4-Nitrophenylthio-6,7-dimethoxyphthalide  crystal¬ 
lizes  as  minute  white  needles  -  it  is  soluble  in  acetic  acid,  dichloroethane, 
and  chloroform,  less  so  in  alcohol  and  ethyl  acetate,  and  Insoluble  in  water, 
ether,  or  benzene. 
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Found  C  H  4.20;  N  4.l6;  S  9.36.'  CieHisOsNS.  Computed 

C  55.53;  H  3.75;  N  4.o4;  s  9.22. 

4-Nltrophenylsulfone-6 , 7-dimethoxyphthalide  ( III) .  3.5  g  (O.Ol  mol)  cf 

4-nitrophenylthio-6,7-dimethoxyphthalide,,  20  ml  of  glacial  acetic  acid,  and 
10  ml  of  acetic  anhydride  were  placed  in  a  flask  fitted  with  a  stirrer  and 
a  thermometer,  which  was  chilled  externally  with  ice  and  stirred  while  7  ml 
of  30^  perhydrol  was  added  a  drop  at  a  time.  The  temperature  of  the  reac¬ 
tion  mixture  was  kept  at  about  5°.  After  addition  was  complete,  the  reaction 
mass  was  stirred  for  an  hour  at  the  same  temperature,  and  then  the  temperature 
was  gradually  raised  to  55-60“  by  1  heating  '  the  flask  over  a  water  bath, 
the  reaction  continuing  at  the  latter  temperature  for  another  3  hours.  Not 
all  the  precipitate  dissolved,  though  its  appearance  changed.  When  the  reac¬ 
tion  was  over,  the  solution  was  poured  into  an  equal  volume  of  water,  the  re¬ 
sulting  precipitate  being  filtered  out.  This  yielded  2.1  g  from  the  reaction 
mixture  and  0.35  g  from  the  moiiher  liquor  after  it  had  been  evaporated  in 
vacuum,  l.e.,  a  total  of  2.45  g  (65^  yield).  Crystallization  from  glacial 
acetic  acid  yielded  rhombic  lamellae  with  a  m.p.  of  171-172“.  The  product  is 
soluble  in  acetic  acid,  chloroform,  and  ethyl  acetate,  sparingly  soluble  in 
alcohol,  and  Insoluble  in  water  or  ether. 

Found  N  3.7^;  S  8.5I.  CieHiaOsNS.  Computed  N  3.69;  S  8.44. 

'  4-Aminophenylthio-6,7-dimethoxyphthalide  (V) .  3  g  of  4-nitrophenylthio- 

6,7-dimethoxyphthalide  was  reduced  catalytically  with  hydrogen  at  room  tem¬ 
perature  and  atmospheric  pressure  in  ethyl  alcohol  containing  6  g  of  Raney's 
nickel  catalyst.  63O  ml  of  hydrogen  was  absorbed  (600  ml  being  called  for 
theoretically).  This  yielded  1.8  g  (67^)  of  a  white  crystalline  substance 
as  elongated  tetrahedral  prisms,  with  a  m.p.  of  l62-l63“  after  recrystalliza¬ 
tion  from  alcohol.  The  amine  is  soluble  in  alcohol  and  acetone,  and  insol¬ 
uble  in  water. 

Found  C  60.6I;  H  4.82;  N  4.4l;  S  9.96.  C16H15O4NS.  ; 

Computed  C  6O.56;  H  4.73;  N  4.40;  S  10. 08. 

4-Aminophenylthio-6,7-dlmethoxyphthalide  hydrochloride  consisted  of 
minute  white  crystals  with  a  m.p.  of  l82-l83°  (with  decomposition)  that  are 
insoluble  in  water  or  alcohol. 

Found  HCl  11.01  (potent iometric  titration). 

Ci6Hi504NS”HC1.  Computed  HCl  10. 32. 

4-Aminophenylsulfone-6,7-dimethoxyphthalide  (Vl) .  3  g  of  4-nitrophenyl- 

sulfone-6,7-dimethoxyphthalide  was  reduced  catalytically  with  hydrogen  under 
the  conditions  specified  above,  using  6  g  of  the  Raney  catalyst.  6OO  ml  of 
hydrogen  was  absorbed,  as  against  the  535  ml  called  for  theoretically.  The 
catalyst  was  filtered  out  of  the  hot  solution,  and  a  white  crystalline  pre¬ 
cipitate  settled  out  in  the  form  of  elongated  needles  with  a  m.p.  of  211-212*. 
The  yield  was  2  g  (72^) .  The  melting  point  was  not  changed  by  recrystalliza¬ 
tion  from  alcohol.  The  amine  is  soluble  in  alcohol,  chloroform,  and  ethyl 
acetate,  and  Insoluble  in  ether  or  water. 

Round  N  4.07;  S  8.797  CieHisOeNS.  Computed  N  4.01;  S  9.17. 

4-Aminophenylsulfone-6,7-dimethoxyphthallde’  hydrochloride  consisted  Of 
white  crystals  with  a  m.p.  of  198-199°  (with  decomposition),  insoluble  in  al- 
alpohol  or  water. 

Found  N  3-43;  CisHisOeNS-HCl.  Computed.^:  N  3. 63k, 

4-Nitrophenylthiophthalide  (ll).  1.5  g  of  phthalaldehydic  acid  (O.Olimol), 

1.6  g  of  4-nitrophenylthlol  (o.Ol  mol) ,  and  20  ml  of  glacial  acetic  acid  were 
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placed  in  a  three-necked  flask,  fitted  with  a  reflux  condenser,  a  thermometer, 

-  and 'an  inlet  tube  for  gas.  The  mixture  was  heated  over  a  water  bath  to  80° , 
and  anhydrous  hydrogen  chloride  was  passed  through  it  for  2  hours.  Heating 
dissolved  the  deposit  in  the  flask,  a  light-yellow  precipitate  being  thrown 
down  again  toward  the  end  of  the  reaction.  Upon  cooling,  the  precipitate  was 
filtered  out,  yielding  2  g  (77^)  of  light  yellow  pyramidal  crystals  with  a 
m.p.  of  173-174°,  the  m.p.  rising  to  177-178°  after  recrystallization  from 
ethyl  acetate.  The  product  is  soluble  in  acetic  acid,  ethyl  acetate,  and 
chloroform,  sparingly  soluble  in  alcohol,  and  insoluble  in  water. 

Found  N  4.905  S' 11,49.  C14H9O4NS.  Computed  N  4.9I5  S  11. 15. 

4-Nitrophenylsulfonephthalide  (IV) .  2.9  g  of  4-nitrophenylthlophthalide 

(0.01  mol),  20  ml  of  glacial  acetic  acid,  and  10  ml  of  acetic  anhydride  were 
placed  in  a  flask  fitted  with  a  stirrer  and  a  thermometer  and  oxidized  with 
perhydrol  under  the  conditions  set  forth  for  the  oxidation  of  4-nitrophenyl- 
thio-6,7-dimethoxyphthalide.  The  Reaction  mass  dissolved  when  heated,  a  pre¬ 
cipitate  gradually  settling  out  toward  the  end  of  the  reaction,  which  was 
then  filtered  out,  yielding  2.5  g  of  a  white  crystalline  product  with  a  m.p. 
of  186-187°  (87^  yield) .  The  melting  point  did  not  change  after  recrystal¬ 
lization  from  acetic  acid.  The  product  is  soluble  in  acetone,  chloroform, 
alcohol, 'and  acetic  acid,  less  so  in  ether  and  ethyl  acetate,  and  insoluble 
in  water. 

Found  N  4.525  S  10. 50.  C14H9O6NS.  Computed  N  4.595  S  10.00. 

4-Aminophenylthiophthalido  (VII ) .  2  g  of  4-nitrophenylthiophthalide  was 

reduced  catalytically  with  hydrogen  under  the  conditions  specified  above,  4 
g  of  the  Raney  catalyst  being  used  and  490  ml  of  hydrogen  being  absorbed  as 
against  the  470  ml  called  for  theoretically.  When  reduction  was  complete, 
the  catalyst  was  filtered  out  of  the  hot  solution,  which  was  allowed  to  cool. 

As  it  cooled,  white  lamellar  crystals  with  a  m.p.  of  l60-l6l°  settled  out, 
the  yield  being  1.6  g  (90^).  The  melting  point  was  not  affected  by  recrystal¬ 
lization  from  alcohol.  The  amine  is  soluble  in  alcohol  and  acetone  and  in¬ 
soluble  in  water.  ' 

Found  ioi  N  5.265  S  12. 50.  Ci4Hii02Ng,  Computed  N  5.445  S  12'.45. 

4-Aminophenylsulfonephthalide  (VIIl) .  2  g  of  4-nitrophenylsulfonephthalide 

was  reduced  catalytically  with  hydrogen  under  the  conditions  specified  above, 
using  4  g  of  the  Raney  catalyst  and  absorbing  45O  ml  of  hydrogen  as  against 
the  420  ml  called  for  theoretically.  Filtering  out  the  catalyst  and  driving 
off  part  of  the  alcohol  in  vacuum  yielded  1,6  g  of  the  amino  compound  with  a 
m.p.  of  221-222°  (90^  yield).  Recrystallization  from  alcohol  did  not  affect 
the  melting  point  of  the  product.  The  amine  is  soluble  in  alcohol  and  acetone 
and  insoluble  in  water.  '  • 

Found  N  4.793  S  11. 08.  C14H11O4NS.  Computed  ioi  N  4.845  S  11. 07. 

SUMMARY 

•  1.  Condensation  of  phthalaldehydic  and  opianic  acids  with  p-nitf ophenyl- 

thiol  has  yielded  the  respective  w-thio  ethers,  which  were  converted  into 
sulfones  by  oxidation. 

2.  The  corresponding  amino  compounds  were  secured  by  reducing  the  thio 
ethers  and  sulfones. 
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